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APPENDIX C-1






TABLE C-1
ACREAGES AND DISCHARGE POINTS FOR SACRAMENTO VALLEY WATER AGENCIES (1987)

TOTAL RICE
AGENCY NAME ACRES ACRES DISCHARGE POINT
Biggs W. Gridley W.D. 20000 14000 Butte Creek and Morrison Slough
1 (1)
Brown's Valley 1.D. 11000 1702 Jack Stough
1
Butte Creek D.D. 67083 - Butte Creek
1
Butte Slough 1.D. - - Butte Creek
Butte Water District 14000 3400 Morrison Slough
1
Colusa County W.D. 46000 &4 Colusa Basin Drain
Cordua 1.D. B850 7000 Jack Slough
Cortina Water District 502 0 Colusa Basin Drain
1
Davis Water District 960 240 Colusa Basin Drain
1
Drainage District No. 2 7431 - Butte Creek
Drainage District No. 100 5000 - Butte Creek
1
Drainage District Mo. 200 5000 5000 Butte Creek
Drainage 501 & 502 - - Butte Creek
Dunnigan W.D. 10500 0 Colusa Basin Drain
I
Durham Mutual W.D. 1500 T o120 Butte Creek
I -
Feather River W.D. 8000 250 Sutter Bypass to Sacramento Slough
1
Glenn-Colusa 1.D. 172500 82677 Colusa Basin Drain
Glenn Valley W.D. - - Colusa Basin Drain




TABLE C-1, continued page 2
TOTAL RICE

AGENCY NAME ACRES ACRES DISCHARGE POINT

Glide 1.D. 7600 1000 Colusa Basin Drain
1

Hallwood Irrigation Co. - - Jack Slough

Holthouse W.D. 1400 0 Colusa Basin Drain
I

Kanawha W.D. 15060 2500 Colusa Basin Drain
1

Lagrande W.D. 1400 980 Colusa Basin Drain
I

4M WD, 200 0 Colusa Basin Drain
I

Maxwell I.D. 7000 3000 Colusa Basin Drain
I

Meridian Farms Water Co. - - Sutter Bypass to Sacramento Slough

M&T., Inc. - - Butte Slough

Natomas Central Mutual W.D. 35343 15000 Sacramento River
1

Orland-Artois W.D. 20000 2770 Colusa Basin Drain
1

Orland Unit W.D. 21000 ¢] Colusa Basin Drain

Pleasant Grove - Verona Mutual W.D. 7600 3000 Cross Canal
I

Priceton Cordora Glenn I.D. 13500 5200 Colusa Basin Drain
I

Provident I.D. 15000 142560 Colusa Basin Drain
I .

Ramirez W.D. 2092 2092 Jack Siough
1

Reclamation District 10 - - Jack Slough

Reclamation Districts 70 & 1660 33000 3500 Sutter Bypass to Sacramento Slough




TABLE C-1, continued

page 3

TOTAL RICE
AGENCY NAME ACRES ACRES DISCHARGE POINT
Reclamation District 108 47700 16900 Sacramento River
I
Reclamation District 479 6000 1000 Colusa Basin Drain
I
Reclamation District 787 9383 2270 Colusa Basin Drain
Reclamation District 833 338000 38000 Butte Creek
1
Reclamation District 1000 55000 15600 Sacramento River
Reclamation District 1001 32000 6000 Cross Canal
1
Reclamation District 1004 23600 10560 Butte Creek
1
Reclamation District 1660 - - Sutter Bypass to Sacramento Slough
Reclamation District 2035 18000 &6700- Tule Canal to Toe Drain to Sac. R.
I 11000
Reclamation District 2047 230000 - Colusa Basin Drain
Reclamation District 2056 8600 1000 Wadsworth Canal to Sac. Stough
I
Richvale 1.D. 27500 17065 Butte Creek
Sartain Mutual Water Co. 767 580 Butte Creek
South Sutter W.D. 42000 20000 Cross Canal
1
Sutter Extension W.D. 25000 " 11000 Sutter Bypass to Sacramento Slough
Sutter Mutual Water Co. 46TLE 14000 Sutter Bypass to Sacramento Slough
R.D. 1500 & R.D. 1660 I
Tisdale 1.D. - - Sutter Bypass to Sacramento Sltough
West Side W.D. 12000 1000- Colusa Basin Drain
1 1200




TABLE C-1, continued page &
TOTAL RICE
AGENCY NAME ACRES ACRES DISCHARGE POINT
Western Canal W.D. - 35000 Butte Creek
Willow Creek Mutual W.D. 4500 2200 Colusa Basin Drain
I
Yolo County Flood Control 191000 4000 Toe Drain to Sacramento River
& Water Cons. District
Yolo - Zamora W.D. 21500 approx.0 Colusa Basin Drain

(1) I = Total irrigated acres versus total area within district.
(2) Some areas are serviced by irrigation or water districts and
a reclaimation district therefore some acreages may be listed

more than once.
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TABLE C-3

HIGH USE MATERIALS REPORTED IN PURS WITH INSUFFICIENT CHEWMICAL PROPERTY DATA.

CHEMICALS USED DURING MAY-OCTOBER, BUT LACK Kow OR SO:L T 1/2 DATA

CHEMICAL SOIL T 1/2 LOG TOTAL POUNDS
{DAYS) Kow APPLIED IN 1982
ACEPHATE - -2.04 17838
ANTOR . - - 6371
ALUMINUM PHOSPHIDE - - 6111
AROMATIC PET. SOLVENT - - 154256
AROMATIC PET. DISTILLATES - - 8434
CAPTAFOL - 3.95 * 90183
CARBON DISULFIDE - 2.00 6029
2-CHLORO-N-{2-ETHYL-6-METHYLPHENYL)

-n- (2-METHYLPHENYL ) -N- (2-METHYL) - - 6266
CHLOROTHANONIL - 4.34 * 46434
CYHEXATIN 11¢ - 4334
2,4-D,N-OLEYL-1,3-PROPYLENE-

DIAMINE SALT - - N/A
D-D MIXTURE - 1.98 700573
DICAMBA, DIMETHYLAMINE SALT 24.5 - 6707
DNBP, AMINE SALTS - - 2492
ETHION - 2.61 * 4798
MANEB - - 26010
MANEB, WITH ZINC ION - - 53593
NALED - 1.38 4832
PETROLEUM DISTILLATES - - 181260
PETROLEUM HYDROCARBONS - - 88995
POLY-1-PARA-MENTHENE - - 4152
PROPARGITE - 3.52 % 106414
SILVEX, PROPYLENE GLYCOL BUTYL

ETHER ESTER 17.5 - 39747
SULFUR - - 2160686
VINYL POLYMER - - 3991
XYLENE - 3.33 158865
XYLENE RANGE AROMATIC SOLVENTS - - 94546

* Calculated (as opposed to measured) values.
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MOL INATE

TABLE C-4

SUMMARY OF MOLINATE AND THIOBENCAF B CONCENTRATIONS

IN AGRICULTURAL DRAIN EFFLUENT DISCHARGIN: TO THE SACRAMENTO RIVER.

SURVEILLANCE OBSERVATIONS CONCFNTRATION DURATION OF
AGRICULTURAL DRAIN (1) YEAR PERIQD (n) RANGE (ppb) DETECTION REFERENCE(6)
Colusa Basin Drain 1987 4/29-6/29 15 <1.0-43 59 days (5/1-6/29) i
19856 5727 1 <5.0 ND (3) i
1985 4/26-6/26 15 0-95 57 days (5/1-6/26) h
1984 4/25-6/27 14 .8-120 56 days (5/2-6/27) g
1983 4/27-7/11 17 <1-211 54 days (5/18-7/11) e
1982 5/6-7T/14 16 <1-204 47 days (5/21-7/7) e
1981 3/9-9/28 29 <1-310 77 days (4/27-7/13) c
1081 4/30-8/14 16 10-340 74 days (4/30-7/14) b
1980 2/19-12/15 25 <1.3-190 ND [
1980 6/10-9/8 8 <1-60 -- b
Reclamation Slough (4) 1986 6/5 1 7.8 1 day (6/5) i
1982 5/6-7/14 16 <1-82 47 days (5/21-7/7) d
1981 4/30-8/14 16 <1-187 75 days (4/30-7/14) b
Sycamore Slough (RD108) 1986 5/28-6/5 2 1.7-13.0 8 days (5/28-6/5} i
1985 4/26-6/26 15 0-47 49 days (5/8-6/26) h
1983 6/7-6/21 3 11-60 --- f
1982 5/6-T/14 16 <1-187 49 days (5/25-714) d
Sacramento Slough 1987 4/29-6/29 15 <1.0-22 49 days (5/11-6/29) j
1986 5727 1 4.7 1 day (5/27) i
1984 4/25-6/27 14 0-46 49 days (5/9-6/27) h
1983 4/27-7/11 17 <1-68 46 days (5/26-7/11) d
Butte Slough 1987 4/29-6/29 15 <1.0-44 49 days (5/11-6/29) j
1986 5/29-6/12 3 34.0-38.0 14 days (5/29-6/12) i
1982 - 5/6-7/14 16 <1-187 47 days (5/21-7/7) d
Natomas Drain (RD1000) 1985 4/26-6/26 15 0-8 41 days (5/16-6/26) h
1984 4/25-6/27 14 0-49 43 days (5/15-6/27) g
1983 6/7-6/21 3 14-90 ND f
1982 5/6-7/14 16 <1-141 47 days (5/21-7/7) d
1976 5/18-7/20 9 <20-210 42 days (5/25-7/6) a
Liberty Cut (5) 1983 6/23 2 59,84 ND f
Toe Drain (5) 1986 6/2 1. 2.0 1 day (6/2) i
1983 6/17-6723 4 98-57 ND f
Sutter Bypass 1985 4/26-6/26 15 0-38 50 days (5/8-6/26)
1984 4/25-6/27 14 0-42 49 days (5/9-6/26) g

(1) Data selected from stations located near the outfall to the Sacramento River.

(2) (n) = number of days sampled.
(3) ND: Not determined due to insufficient data.
(4) Discharges to the Sacramento River via Sacramento Slough.

(5) Discharges to the Northern Delta at Prospect Slough.



TABLE C-4, continued page 2
THIOBENCARB
SURVEILLANCE CONCENTRATION DURATION OF
AGRICULTURAL DRAIN (1) YEAR PERIOD OBSERVATIONS RANGE (ppb) DETECTION REFERENCE (&)
Colusa Basin Drain 1987 4L/29-6/29 15 <0.5-3.7 18 days (5/21-6/8) j
1985 5727 1 <1.0 ND (3) i
1985 4/26-6726 15 0-19 49 days (5/8-6/26 h
1984 4725-6/27 16 6-7.5 36 days (5/15-6/20) g
1983 4/27-7/11 17 <.5-11.3 43 days (5/31-7/11) e
1982 5/6-7/14 16 <1-57 40 days (5/21-6/30) d
1981 4/30-8/14 16 <i-21 49 days (5/12-6/30) b
Reclamation Slough (4) 1986 675 1 4.9 1 day (6/5) i
1982 5/6-7/14 16 <1-48 47 days (5/21-7/7) d
1981 4/30-8/14 16 <1-39 28 days (5/18-6/15) b
Sycamore Slough (RD108) 1988 5/28-6/5 2 1.0-24.0 8 days (5/28-6/5) i
1985 4f26-6/26 15 0-53 30 days (5/13-6/26) h
1982 5/6-7/14 16 <1-110 40 days (5/21-6/30) d
Sacramento Slough 1987 4/29-6/29 15 <0.5-0.6 1 day (6/4) i
1986 5/27 1 <1.0 ND i
1984 4/25-6/27 14 0-7.8 29 days (5/24-6/20) 9
1983 &/27-7/11 17 <.5-4.9 38 days (6/3-7/11) e
Butte Slough 1987 4/29-6/29 15 <0.5 ND i
1986 5/29-6/12 3 <0.5-1.0 1 day (6/5) i
1982 5/6-7/14 16 <1-10 39 days (5/25-6/30) d
Natomas Drain (RD1000) 1985 4/26-6/26 15 0-8.9 30 days (5/27-6/26) h
1984 4/25-6/27 14 0-49 36 deys (5/22-6/27) g
1983 &/7-6/21 3 2.3-14 ND f
Liberty Cut (5) 1986 6/2 1 <0.5 ND i
1983 6/23 3 2.5,3 ND f
Toe Drain (5) 1986 6/2 <0.5 ND i
1983 6/17-6/23 5 2.4-3 ND f
Sutter Bypass 1985 4/26-6/26 15 0-4.4 23 days (5/20-6/12)
1984 4/25-6/27 14 0-2.1 22 days (5/22-6/13)
(6) a = Van de Pol and Plescia, 1978 f = Cornacchia and Schnagl, 1983
b = Finlayson et al, 1982 g = Finlayson and Lew, 1984
c = Tanji et al, 1982 h = Finlayson and Lew, 1985
d = Finlayson and Lew, 1983a i = Calif. Dept. Food and Ag, 1986
e = Finlayson and Lew, 1983b j = Calif. Dept. Food and Ag, 1987
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TABLE C-7

MASS BALANCE OF THIOBENCARB EMISSIONS DISCHARGED TO THE SACRAMENTC RIVER, 1985.

RD 108 SACRAMENTO SL.  COLUSA BASIN DR.  TOTAL SACRAMENTO RIVER *
DATE MEASURED MEASURED MEASURED EMISSIONS FLOW PREDICTED  MEASURED

(kg/day) (kg/day) (kg/day) (kg/day) (cfs) (kg/day) (kg/day)
MAY 7 0 0 2.6 3 9670 0.1 <1.0
MAY 12 0 0 16.6 17 10600 0.6 <1.0
MAY 15 4 i) 25 29 11000 1.1 1.2
MAY 19 1.2 9.4 28.4 49 13000 1.5 1.0
MAY 22 11.3 19.7 5.8 57 11800 2 2.1
MAY 26 13.7 22.3 442 80 12800 2.6 1.7
MAY 29 13.8- 26.2 5.4 9% 14000 2.8 2.5
JUNE 2 9.4 30.7 6.6 107 14100 3.1 4.1
JUNE 5 2.3 15.8 30 48 12500 1.6 1.9
JUNE 9 1.6 10.5 10.3 22 10700 0.9 0.9
JUNE 12 1.8 5.6 5.1 13 10900 0.5. 0.6
JUNE 19 0.9 1.5 2.7 5 10100 0.2 <1.0
JUNE 26 ) 0 3.6 4 11100 0.1 <1.0

* CONCENTRATIONS MEASURED AT VILLAGE MARINA: FLOWS RECORDED AT VERONA {USGS STATION NUMBER 11425500).
"PREDICTED™ CALCULATED BY SUMMING THE DRAI!, EMISSIONS AND DIVIDING BY THE RIVER FLOW.






APPEMNDIX C-8






2861 '1E 12 oue) B g6l ‘)& 19 ueybsua|dow 0g6L ‘18 18 ueyBOSURIIOW /6L 1B 38 uBybaUalOW

"GB6L ‘1B 12 SULNIBM 15841 ‘1@ 19 9By gL “1e 32 sulyileM Iggsl 'ie 18 oue) e

16261 'pPJBPOOR :S3JUBIB4IY

2961 00g uotylon

2861 0ol J33sa jAdoadost g-v°2 2861 g 5040u0

2961 00l 423183 JAIng-N Q-%'2 z961 0 uoLyjua4

2861 00l daysa 143nqost q-4°g 286l oL uotLylodjluay

2861 00Y ploy a-%'2 2961 02 uoLy33

¥86l '€861 ‘2961 ‘li61 00l ‘001 ‘001 “00% suaydexo yg6L ‘s86L ‘286l st ‘sl'si utipug

2e61 02 uojipediaj 6L '£861 ‘2861 ‘1161 §'6'g’g I uejinsopuy

2a6l 002 aueqols 2861 00¢ ptweuagdia

2861 02 aulzeu s va6L '2861 g'g utJpista

2861 S 19uuoy ¥861 ‘Zabl 001001 103031Q

2861 00g aplueLo.dd 2861 oL UoLyaua4oqydtg

2861 09 ajeJoyq ¥86L. ‘€861 ‘26l 05°05°08 uoulze(q

2861 52 uoydeyuayd 2861 0y , 430

2861 0slL aueylJad £861 ol 1ag-d’d

2861 S 8Ndd 861 ‘€861 ‘2861 ‘1161 oL‘ocl’ol’oL 1ag-d’o

. 2861 0% 43d 9921 786l ‘€861 ‘0861 ‘6461 SL'st’sl'st nwag-d‘d

861 '¢861 ‘2961 05'05'08 82d 892l 7861 ‘€861 ‘0861 oL‘cL’ol 300-d‘c

y861L ‘€861 '286L 05°05°0% 83d 2421 g6l ‘€861 ‘086l oL‘oi’oL agg-d‘o

a6l ‘2861 ‘Li61 0L'oL’s uotLy3eded-1Ay3au y861°8861 ‘2861 0861 pg’og’0g 08 SWaa-d’d

€86l ‘286l 'L261 oL uL’s uotyleted- 1Ayl ¥861 ‘€861 2861 §'g’g 10430e(

2861 0002 33 1ug ¥861 ‘€961 ‘286l oL‘ol’s S04 L4AdIo1yD

a6l '§86l ‘2861 s's’'s 10| oBUDN-S1D 2861 0§ gauo.Jo1y)

2961 0l UajoaI LN 9861 ‘€961 g'g JuUepJs Y] -Ax0

2861 02 LRI 861 ‘€861 g'g auepJojy]-suedd

2861 0f 20]1ydA¥ol12M 4861 5861 ‘Z86L g'g'g N auepJoy)-euned

2861 001 uciylepiyial 7861 '£861 ‘2861 s'g’g suapuolyd-eydie

2861 02 uoiyieien yg86L ‘€861 ‘2861 6's’s 8p1susqJo1yd

¥86L ‘£861 2’2 3L92ZU3G0J0 | YIBXIH 2861 S 2303

9861 ‘€961 ‘2861 ‘Li61 5's'g'g aptxoda Jolyoeiday 2961 02 uoiylousydogae]

2861 S Jo1ydeiday 2861 000€ 1AJequeg

yR61 ‘€861 2'2 HOH - eueb 2861 s JHE - ewweB

YB6L 'SB6L ‘2861 §'2'e HOH-E319p 2861 ] ulijauag

961 ‘€861 ‘2961 oL‘oL’oL HOH-B32q 2861 02 autzedly

v861 '£961 2z HoH-eydie 2861 '9.61 q'g utdply
GIZATIVNY qdd '1IKIT Q3ZATYNY add ‘LIKIT

(S)dv3A NO112313G VI IWIHD CETEN NOI123130 TVIIWIHD

POOH 1B J3ALY OJuUSWEJIRS ‘8105 YSi4
S11WL7 UOL3081a] MO12g SledLway] 1uebug
9861 -2/61 'WY¥90Ud DNIYOLINOW S3INVISENS JIXOL






APPENDIX D






“(p/1)sy isiAeqQ On (v
“(p/3)as :Adoiedoqe] alAJg S,uMA (§
*(aoiuany 93tydeds)
(p/3UZ C(P/IYIN (P/VIBH C(p/IIND (P/AY4D (P/3)P] 'spiios papuadsns “ssaupdey ‘)3 ‘Hd :qejuy (2
"{8dJ1) Uz "us 'qs “iN ‘eN ‘uW ‘Bw ‘34 ‘NI ‘43 ‘pa ‘el 'g ‘s¥y 1V 1(7¥D) 1E313A RUY BLlUJO4L18) (| tAQ StsAjeuy
“(H0°>)Us "(L*> 'Lpt> '5p0t>)as  ‘(9g°> ‘20'>) as  '(500°> ‘100°>) BH :(wdd) sijwl] UOL193313p MO)IQ 11V
“jejSw 12303 SUl JO4 S| 31 ‘pS3Jsodad St OnBA BU0 AJUO j] 4

500> 21 L*> 1> 8%'0 -- .- g9 -- .- SBNNréL BISIA OlY  AY r
500°> oL o L rAL I 1 09 7] -- 9°/.  SBNNTél POOH  OH I
S00°> 21 o 1> 2’02 09 17} -- 8°.  SBNNrSL BulJeW 968171LIA WA H
500> 82 ZLi'o 1> 20 69 0sL 6L -- 8'/  SgHNrélL  ybnojs ojusuwesdes  ss 5
500> g 860 1> 9L 021 (14 6L -- 6°/Z  SBNNrGL UleJq ulseg esnjol €3 4
500°> £l Lo 1> §2'0 8l 99 02 .- L'8  SBNNréL esnjol 02 3
L00°>/100°> €1 0L">  %L00°/%100° 9€°0 -- 09 99 .- -- SBNNrE BI1S|A Old  A¥ r
100°>/100°> €1 OL*>  2L00°/¢100° S2°0  -- 65 29 -- -- SgNNrE pooH  OH 1
‘00°>/100°> Yl 10 Z100° /€100  L¥°0  -- 9 59 -- -- SgNnre suiJeld abBe11IA WA H
100°>/100°> €2 BL*>  1E00°/%500° 99°0  -- 1L 89 - -~ SENNME  YBno)S ojudweldes  S§ 9
100°>/100°> 92 92°0  0200°/2200° 2°L -- 251 29 -- .- SgNNrE Uledqg uiseg esnjod @) 4
L00°>/400°> &2 92°'0  6100°/€200° 2°L -- £51 29 .- -- SgNNrg uledq uiseg @snjod 82 4
100°>/100°> 21 > 5L00T/5L00° €70 -- 95 99 -- -- SONArE Bsnjo) 02 3
100°>/100°> 2l OL™>  %LC0°/%l00°  S2°0 - 0§ 65 .- .- SSNNrE A31] uoljuey QM a
L00">/106"> Ll oL*> LLoo/zius”  §2°0 -- gy 65 -- -- SeNnre jsma pay &y 2
L00°>/100"> i} oL*>  2i00°72L00° Q2>  -- ) 05 -- -- SeNNrg ueq Yotmsay Q) q
100">/100°>  LL OL*>  2i00°/%100° 02°>  -- 57 8y .- -- SBNNrE weq BIseys  4s v
\

507> ¥°6 oL>  §0°> g0 -- 5y £9 0%L  8°/  SBAWWOL POOH  OH I
50°> 21 0L> Lo"> 80 -- 25 09 SZL 08 SBAVMWOL suULJel 9BBIIIA WA H
50°> ¥4 oL°> o> 20 -- ¥4} 59 0%  0°8  SQAVHOL  yBnols ojuamesoes  Ss 5
S0°> £2 €1°0  10°> [ -- gl 49 096 0°8  SBAVHOL Uledq uiseg esnjol  §3 4
S0°> L o> s> 2> -- 56 09 09,  2°8  SBAVHOL esnjo) 03 3
s0°> 2l oL> 10> A -- 95 09 091  2'8  SBAVHOL esnjo) 02 3
widkd wdd wakd wad wdd 1/6w /6w 4 gey qet

(sip/101)p3 €2 g (sip/101)sy ¥ *jos*s  puaey  dwei 33 Hd alva NO11¥2071 gl 1¥0S
e| obed

% SISATUNY 40 SLINSTY

INITAWYS STYLIW dIATH OLNIWVEIVS 6861

L@ 378vl



45070 - 0°> 0L 48070 LA £6°0 S0°> 10> SBNNT 6L BiSIA OLY
65070 .- > 88 €£0°0 2's 0 200" /400" S10°0 SBRNrél PooH
S0°0 .- ¥0°> £'8 920°0 9 620 200° /500" £€10°0 SBRArGL BuUtJel 268 11A
850’0 .. ¥ > el 0120 02 [’ £00°/110° 710°0 S8NArSL  Ybnojs ojuswedoes
2i0°0 -- 0> 58 00£°0 e e'e 9L0° /910" 41070 GBNNreél uledg uiseg esmog
107> .- 0°> 26 %20°0 2’9 LE°0 200" /400" 210°0 SSNNrésl esnjog
%070 - S00°>/800" gl 820°0 2’8 ¥5'0 y00°/£10° 100" /910" SENNrE B3SiA oLy
10*> .- S00°>/500°> £l %2070 Lars (3 90] %00°/200° 100°>/210° SBNNre PooH
29070 .. S00°>/900" i S%0°0 £'8 gs°0 £00°/020° 100°/£10° SBNNrE BULJBK 268 11A
19070 .- S00°>/800" yAS 1o 0°L4 6870 S00° /110" 100" /10" S8NNrg  ybno)s ojudwe.oes
§%0°0 .- S00°>/210° 65 €0 076l 974 800" /8L0° L00°/210° SBNNFE  uiBJQ Ulseg esnyoj
10°> .- S00°>/110° 85 2L'o 061 & 6007 /210" 100°/410° SBNNre ulBJQ Ulsel esnjo)
££0°0 .- S00°>/L00° 6°8 200 99 920 £00°/900° 100" /010" seNnrg 8sn10)
10°> - S00°>/5007> 9°8 slo*> 09 6170 200°/010° 100°>/010" SeNNre © A3LJ uo3)lwey
197070 .- S00°>/500°> #°8 SL0™> LS FAN) £00°/%00° 100" /600" SBNNPE #3018 pay
£€90°0 -- S00°>/500°> 272 slo> s ) %00°/500° 100°>/010" SeNnre uBg YoIMsay
Sg0°0 .- S00°>/500°> §°Z SL0°> £°5 q0™> £00°/010° 100" /600" sghAre ueqg ejseys
\

Y%0°0 .- q0°> 9'8 €20°0 q's T 900°/800° 107> SBAVHOL PooH
7070 -- S0°> 01l 1070 (s 6270 %00°/900° 10°> SBAVHOL BULJel 36B1] 1A
iv0°0 -- 80°> 0702 8L'0 0°91 0 ¢00°/210° 107> GBAVAOL  Ybno1s oluswedIss
15070 -- q0°> 0°55 10 081 9l 900° /210" 107> SBAVWOL U1BJQ UlsBg BSN)O]
2%0°0 - q0™> 874 200 1’9 ¢'0 100" f£00" 107> SBAVHOL esn109
%00 -- S0°> L'8 120°0 89 820 100" /400" 107> SBAVHOL &snjog
) (gejuy} wdd wdd wdd wdd wdd ucld ucid

uz (Sip/3o3)uz  (SIp/303)IN BN UW BN CF| (slp/303)N3  (S1p/303)J) aiva NO1.1¥301

q| obed

(panuiiuec2) | d 318v0



200°/100°> 0" %L olL*> 500" > 02> - 89 - .- L'g 581302 BISIA O1Y MY r
- -- -- -- -- - €5 -- -- L2 £81002 pooy OH I
.- -- -- -- -- -- 12 .- -- 3] $81202 JaALY uBDLJawY Wy 1
- -- - - -- -- €9 .- -- 0°8 581202 BulJeW 36B))IA WA H
.- .- .- . -- -- 26 - -- 28 581302 Jaaly Jayleay 44 b
-- -- -- .- -- - 051 - -- 0'8 61202  YbBnojs ojuauwedoes $s§ 9
L00°>/100°> 0742 y1°0 500" > 16°¢  -- ogl -- .- [ $81002 uieaq uiseg esn)o) 8 4
-- .- .- -- -- -- 15 -- -- [+ 581202 gsn)o) 07 3
100°>/100°> ¥°8 oL™> S00°> 2’0o -- sy -- .- 82 $81302 $ima pay g8 2
- -- -- - -- - 9% -- .- gL $g1202 weq 32:sMa) o 8
-- - -- . -- -- 8y .- - 6L 581202 weq BISRYS s v
mwumu.—_ao._ Z 30 abedaae »

LO0*>/100"> 5§l (1] 10> 80 -/8 Olls -- - 6°ls  §81d3SE B)SIA Oy Ad r
- - -- - .- L9/ G6x - .- L"8«  S@LdISE eutJey abe) 1A WA H
- -- .- -- .- /98 002x -- -- €°8x  §81d3s¢  \Ybno)s ojusweuoes ss 9
100" >/100"> 92 (¥} 16°> 69°0  0%L/€LL /Sl .- -- %8  SQLdISE UlBIQ ulseq Bsn}0) €2 3
.- - .- -- -- 2/51 59 -- -- 1"8»  581d3SE esnijo) 02 3
100°>/7100"> 0L L 1o°> 2> /1> YSx -- -- 8'lx  SBLd3ISE 3imd pay 2
500°> gl Lo <00°> gve -- £9 29 -- -- £goNvEL BISIA OLY A4 r
100°>/100"> £1L 10 S00°> 20 -- ls 89 -- - £goNVEL pooy OH I
500> sl Lo S00"> ge°0 -- 59 0L -- .- <89NVEL eutdey aeyqLA WA H
500°> L2 2L S00°> 590 -- €<l €l - .- S8INVEL  YbBno1s ojuauedsdes s$ 9
500°> 12 £2°0 S00°> §2'0 .- ogl oL -- -- SgINVEL Uleag ulseg Bsnyo) 42 F|
100°>/100°> L2 %20 500°> 0.0 -- ogl (173 - - SgINYEL Uledg ulseg esnjo) 89 4
S00°> 2l L*> S00°> gl'g  -- 8% 69 - - $8INVEL esnjo) 03 3
S00°> il Lo S00°> L0 -- Y £9 .- .- S8INVEL A31D uo3]luey oH d
500> L L> 500> sl°0 -- 9% 19 .- - S89NVEL $img pay % 2
S00°> 3} 17> S00°> st'g -- ] 95 .- .- S8INVEL weqg 3IiMsa) @ g
100°>/100°> 1L ie> S00°> 1> -- 9% 95 - - S8INVEL weq %21Msay ol 8
500°> 2l 1> S00°> 1> -- 8y 9 .- .- 589NVEL weq eiseys as v
wdd wdd wdd wekd wdd /6w 1/6u 4 qe) qe}

(sip/301)p3  ©) 8 (sip/io1)sy ¥ "jos*s  paey  dway 33 Hd aLva NO1L¥201 1408

ey abed

(panu13uod) |°q 318Vl



2%0°0 L00">/€00°  §00°>/S00°> 0°9L cLo™> 16 £2°0 ¥00° /400" 100°>/200" $81202 81SiA Oy
200° /200" .- . -- - - £00°/500" - $81002 pooH
Loo* /100" . - -~ -- .- 100 /100" .- $81202 JBALY uBILJaWyY
200" /500" .- .- -- -- .- 2007 /900" .- £81202 BULJBN 9B@) 1A
Loo >/200" .- .- -- -- .- £00° /600" -- $81202 JaalLy Jsy3eay
Loo >/010°  -- .- -- -- -- ¥00° /600" .- $81002  Ybno)s ojuswedoeg
9%0°0 100" /220" §00°>/500°> 0°2Y 9170 0761 0g°1 900" /120" 2007 /410" £8120Z UuleJg ulseg esnyo)
L00">/500"  -- .- -- .- - 200° /900" - §91302 BsN|03
6%0°0 100" /500" S00°>/500°>  8°§ Slo*> 59 6L°0 100°>/200" L00">/100" €81202 33mg pay
900°/110° .- .- .- .- .- L00"/£00" .- $81202 weg 32ysMay
100" /100" .- .- .- -~ .- 100°>/200" .- $81002 weg e3iseys
s93e3y1dau / 4o abBJIaAE
S50°0  200°/€£00°. S00°>/S00°> 8I 8L0°0 §'6 970 200°/%00°, S00°/120° 681d3s€ BISIA OLY
- . -- . .- - £00° /500", -- §81d3sg BulJel abe))LA
- .- .- .- .- .- 900° /800" . .- S891d438€  ybnols ojuswedoes
25070  200°/8LO°.  S00°>/S00°> QY 2Lo 8l b 900°/€£10" . 900" /2£0" 681d3sg¢ uleJdg uiseg esnjo)
- .- .- .- .- -- 200°/£00" ., - 681d3sg Bsnjoy’
990°0 ¥00°/900°.  S00°>/S00°> 8°Z Slo™> L9 86070 100°/£00"°, ¥00°/€10° G91d3sg - 34018 pay
85070 -- S00°>/500°> 02 2yw'o Il'g £9°0 S00° /800" %00° /910" SgINYEL BISIA OLY
25070 100" /200" S00°>/5007> 0l £0°0 6’9 £€°0 200° /200" %00° /110" S89NVEL PooH
190°0 -- 500°>/800" 4 9¢0°0  §£°9 y°0 £00°/110° G600 /510" S8ONVEY BUlJeW 26811LA
950°0 -- LL0* /510" 02 Lo 8l 89°0 £00° /210" L00">/910" §99NVEL  YBnoYs ojuswesoes
050°0 -- S0°> 9¢ 210 gl 0°1L S0"> 10> S89NVEL  UlBJQ ulseg BSN0)
85070 Loo" /020" S00°>/L10" L8 €170 8l 0"l £00°/€L0" G00°/220° - GBINVEL UiBJQ uiseg esnjo)
050°0 - S00°>/500°> 7L 91070 19 20 £00° /900" ¥00° /010" S89NVEL 85N03
£50°0 .- S00°>/500" SL°s S10°> B¢ 2Lo £00°/900° %00° /600" $89Nvs| A313 uoj) ey
%50°0 -- S00°>/500°> €72 Slo>  9°g 2L°0 S00° /010" S00°/600° $8INVEL 34M18 pay
25070 -- S00°>/500°> 979 Slo™> S's £80°0  £00°/£00° S00° /600" <8oNvel weg %21Msa)
25070  200°/200° S00°>/500°>  9°9 Sl0>  9'g ¥60°0  %00°/500° L00">/500" SgINVEL weq yolmMsa)y
1S0°0 .- S00°>/500° l Slo™>  ¥°g 99070  £00°/500° S00° /600" S8INVeEL weg B1SBYS
() (geuy) wdd waid wdd wdd udd wokd wad
uz (S1p/303)uz  (SIP/303)}IN &N UK B 94 (S{p/303)N]  (S1p/303)4) aiva NO11¥301
gz abed (panutjuod) | q 318VL



L0o*>/100">
10°0

-sojdues pandosald-UoU WOl PIZABIUR UK S1RIAM PIAJOSSLP
sielaW je303 ‘AJUO UNJG SLYI Lo

LT /L007>

100" >/100">

100 =/1007~
9L LL”

L00*>/400°>
L00°>/100">
100°>/100°>
L00*>/100" >
S00°>
S00°>

wdd
{(51p/303)P3

(sip/roy)sy W

eg abed

“oA13863U 819M $31N%3J ING

3

9

RN
NN

o
8]

4

21

i

483304
580305
482305
580306
5823409
6821404
$8934¢
$223d5
583349
58334¢
$933a4
3304

xSBAONOZ
#GBAOR0Z
»GBAONGZ
xSBAONOZ
»GBAONDZ
*GBAOROZ
*SBAONG2
*SBAONO2
+59A0N0OZ
#SUAGHG
#SEAOROZ
#GEAUADE

SBACRE
GBAONY
SBAONE
GBAONR
G3MONE
GYAOKB

3Lva

e3siA oLy
pool

JoAty uesilauy
euiiey abBey) LA
JBALY Jayiedy
ybNojs ojuaWeddes
UlBJd(q ULSEE BSNJ0)
251109

43018 pay

weq XIiSMay

weq %2343 buiJds
weq eyseys

LM S31GUWES PIAJISOIA-CONH WO4) pIzAjeur 24aM
$U0GQLE00]eY I)L1BI0A JO4 pazAjeue Sa|dUES |1V «

B21SIA OLY
POOH

Jaaly ueolJsawy
sulJdey aBey) A
(ABALY Jayieaj
ybnojs viusweades
uledqg utlseg esnjo)
esnyo)

44018 Py

uieq }oLsMa

weq }9a4] Butads
weq @yseys

B1SLA 01 Y

PoOH

JOALY URDLJ4SWY
BuLJBK 9BBYIA
uledq uiseg esnjol
weq 3}IimMsay

Ad
OH
WY
HA
i
SS
43
o)
a4
(1)}
L]
as

Ad
OH
Wy

£
SS
-1}
(ol
a4
[0}
$J
as

Ad
OH
WY

a3
[}

NOILYO01

(panuliuol) }°q 3718YL

< £ o8 O W o WX X e T

« E 0 O W W W W T =D

| L X e T



5£0°0 £00°/£00" S00°>/400" -- -- .- 2L'0 £00°/L00° 200°/eg0” 680305 BISIA OiY

.- £00° /900" S00°>/2¢0" .- .- -- .- £00°/€10° 700" /090" $82309 PooH
-- L00° /100" S00°>/500°>  -- .- -- .- 100°/100° £00° /020" 682305 JIALY uedtJauy
.- 200" /200" S00°>/2%0" -- .- - - 200" /020" 100" /280" §83305 BuLJBW 36811
- 610" /010" S00°>/500°> .- -- -- -- £00°/£00° 500°/800° §8330s JIALY Jeyieay
- 0£0°/0%0" 0Lo0° /810" .- - . -- 800° /800" 800°/510° §80305  YBno|s ojudWEJOES
507> 100">/080" 500" /810° -- -- .. 6°¢ 900° /910" 900° /120" §803Qs ulBJg ulseg esnjo)
-- 090 /090" S00°>/9L0° .- .- - .- 900" /120" 500" /ge0" §823Q5 esnjo)
%0°0 020 /0€0° S00°>/500°>  -- .- - 6270 200" /400" S00°/£00° £8230¢ 3ina pay
s¢'0 0%0° /050" S00°>/5007>  -- .- -- 6L°0 £00° /800" %00° /900" §8330% ueg yoisMay
L'8 ¥5°8/95°8 600" /600" -- .- -- 0769 0Y°2/0%°¢ olo-/olo" S8230s weq %sa4) buluds
-- 010" /020" S00°>/S00">  -- .- .- .- %00°/%00" %00" /900" £8234Q¢ ueg eiyseys

*$31dWBS PAAISSIId-UOU WoJ, PazARIUB SJOM S]B3ISW POAOSSIP B)1yn S9)dues pPaAJasaJd-gONH Wody pazAjeuB 9.J9M s1B38W
S1e3aw 18303 ‘Ajuo Und SIY3 Jo4 "aAl3IBBaU IJIM §3)nsad g 'suoquedoiey 9)118)0A Joj pazAleue mwfaeam NY «

.- 0£0°/0£0° S00°>/500">  -- .- -- .- £10°/900° 400" /800" »SBAONOZ BISIA OLY
.- 050" /010" S00°>/600°>  -- .- .- .- 800°/900° 500 /200" #5BAONOZ POOH
.- 0so0*/020° S00°>/500°>  -- - - .- 600° /500" 200°/200° »SBAONOZ JAALY uBdLJdawy
-- 0L0° /020" S00°>/500°>  -- - -- .- £10°/900° S00° /800" «G8A0NOZ BulJdey abeyyiA
- 050" /900" S00°>/500">  -- - -- .- 400°/%00" 200- /200" »SBADNOZ | JOALY Joyleay

200°/800" 800°/010° #SBAONOZ  YBno)s ojusuwe.des
600°/200° 200° /010" #SBAONQZ utBJg ulseg esnio)

.- 0£0°/020° S00°>/220"
.- 020° /020" S00°>/500"

.- 010 /020" S00°>/500"> .- -- .- -- L00°/€00°" S00°/400" »SBAONOZ gsnyol
.- 0€0°/050° §00°>/500" > .- - .. .- 200° /500" %00°/800° »SBAONOZ 3318 pay
- 050" /050" 500°>/500°> .- - .- . 200°/500" S00° /600" #SBAONOZ weq ¥oLsmMay
- Y°62/e° 62 110 /210" .- - - -- 0g£°¢/28°¢ 6L0° /080" *SBAONDZ wed ¥994) Bupuds
.- 0£0'/0L0° S00°>/S00"> - -- .. - 100" /€00~ %00° /800" »SGAONO2 weg 83seys
020°> 0%0° /050" S00°>/500°> 0°%9 Si0°> 0°¢l 920 600" /420" 200° /200" SOAONEG BISIA 01y
-- 020 /050" S00°>/600" .- .- -- -- L10°/910° 2007 /900" SBAONS pool
- 010" /020" S00°>/900° .- -- .- - £00"/9%0° 2007 /900" SBAONg JBA LY ued sy
-- 090° /020" S00°>/500°> .- .- -- -- 600°/L10° 2007 /200" SBAONG BULJEN abB|YLA
020> -- Y0°> 08y 98070 0°8l 27l 620> 10°> GBAONg uledg utseg esn)o)
020> -- 0> €2 Slo™> %9 ol*> 5207> oL°> SBAONG waQ AIimMsa)y
(1v3) (qBuy) wekd wdd wdd wekd wdd wid weid

uz (SLp/i03)uz  (Sip/a03)IN e UK Y] 94 (SIp/3031)ND  (SipP/303)d4) alvg NOILV201

qs abed (PanUL3IUOY) *Q 318YL



APPEMNDIX E-1






State Of California
Resources Agency
DEPARTKENT OF FISK AND GAME

-

Environmental Services Branch, Pesticide Investigations Unit
1701 Nimbus Road, Suite F, Rancho Cordova, California

December 1984






Effects of Rice Herbicides onm
Larval Striped Bass
1684 Laboratery Studv Progrese Report 1.2/

rson and C. A. Faggella
Pesticides Investigations Unit

California Departwent :
-lova, Califormiaz 95670

1701 Nimbu

s

By
MLARY

dcute coxicity tests were conducted to

. herbicides molimate (Crdram) and

¢ in combimatien on striped bass embryos
co - inuous flow toxicity tests were conducted

e £ . _ L.
;e {growth) effects of the herbicides or

&
caterming th
thiobencarh

LATVEE .

cniTalic. s (96-h: LCSO values) feor 6 end Zé-dey cld
thet thiovaenc-th (0.35 to 1y
¢ thern molinsts (6.6 to 7.2 mg/liter’. The amte tomicaty
thicbencarb incr:zsed with incressed exposure time {48 to
crezseé with incrcseed age (& to 24-day old) of larvese.

linate and thiocbenzarb st equitcxic ratios had additive toxic
£ o2 embrycs aud prolarvae were unsuccessful due to complete

11 rreastment groups. The 21-day chronic test data are
questioneble because of low curvival irc the comtrol groups. The embryo and
prolarvae acute toxicity tests and the chronic toxicity tests will be
repeated next year with improved culture and testing eguipment and methods.

)
e
}-
n
1%
I
|4
r
&

Y Progress report on work completed in 1984,

2/ Study funded by California Department of Fish and Game Striped Bass

Stamp Fund and State Water Resources Control Interagency Agreement
No. 1-161-420-2






TABLE OF CONTERIS

SUMMARY. . . &« & v & v o o o s « o s s o o

e o e e s s e e
TABLE OF CONTENTS. . . « « 5 c ¢ s o = « o « s s s ¢ & o a
CONCLUSIONS., ¢ + &+ & « o = o o s o s a ¢ « « 5 o o« o o s o
RECOMMENDATIONS., . ¢ « ¢ ¢ ¢ 6 s o & = o + o ¢ o « o s & &«
INTROBUCTION . . ¢ « ¢« « & ¢ ¢ « < o © e e s e e e e e
Justificaticn for Study + « ¢ ¢ ¢ ¢ e ¢ e e 4 oo o= o
Interm Water Quality Guidlines. . T,
Scope of Study. « « &+ ¢ + o 4 e 5 ¢ & o % s 4 o o o o
Tasks Completed inm 1984 . . . « . - ¢ ¢ « o o ¢ o « &
METHODS ARND MATERIALS. . ¢ - « o & ¢ + o ¢ 4 = ¢ o = & » =
Study Schedule. « « « - + ¢ « © et o n e 6 o e o a
Description of Life Bistowy S0 27 o v ¢ o o ]
Calture Methods . . . - « + & S e s e s e s & 1w oo
Testing Methods « ¢« ¢ ¢ s v o e e e e e e w .
Toricapnts and Dell Systen ", e e e w e e e
Data An2iyB1E . « & o s ¢« o : < e & 6 s & a4 5 ot ¢ o s
ChEmISLTY « o o + o « « = & 4 © « + o c v e e s s .
RESULTS ., « ¢ ¢ v ¢ « ¢ ¢ & « o « s & ¢ 5 o « « 2 s a & s =
Water Quality and Toxicant tabdilitye o « ¢ « o o + «
Svcoese of Culture apd Tes! .ng Metheds. . « o & o .«
Tox:icity of Molinate &nd Tiiobenmcarb. . « . « « « « &
DISCUSEION. . ¢« « v v ¢ & « & v ¢ & ¢« ¢ & x & e e .« .
Water Quality and Toxican. Stability. . . +« « « .« . .

Success of Culture snd Tez: Methods
Toxicity of Molinate and
Additional Studies for e

LITERATURE CITED . . . v « © o ¢ « o« o «

<

3t

Appendix

ACKNOWLEDGEMENTS . . & ¢ ¢« ¢ ¢ & s o « s s o o o « ¢ « a =
APPENDICES . & & 4 4 o ¢ v ¢ o e 2 o e o a o v o o » o «
- Water Quality Dete for Acute Tests . . .
- Water Quality Dsts fer Chronic Tests . .

Appendix
Appendix

Appendix
Appendix

Mmoo oo b
1

Acute Texicity Test Datz Summary Sheets.
Chronic Toxicity Test Data Summary Sheets
Eecommernded Culture and Testing Protocol

—ii-

Page

. i
biil

a e p
[y
| =k}

.

s v 2 4 s e
Fort hrt bad fed rea Bt oot
Bt wnn on B W e g

2

Bl

LI B o Ww

T i g () 43 ka3 bd Bos 24 D ~) (D

P ~

E

. N -
Wn L

USRI

T4
igl
104



CONCLUSIONS

The 96-hr LCS50 values of molinate to 6-day old and 24-day old
striped bass larvae were 6.6 and 7.9 mg/liter, respectively.

The 96-hr LC50 values of thiobencarb to 6-day old and 24-day old
striped bass larvae were 0.35 and 0.67 mg/liter, respectively.

The 96-hr LC50 values of molinate and thiobencarb mixture to 6-day
and 24-day old striped bass larvae were 3.8 mg/liter molinate and
0.33 mg/liter thiobencarb and 3.1 mg/liter molinate and 0.24
mg/liter thiobencarb, respectively.

The acute toxicity of molinate and thiobencarb increased with
increased exposure time (48 to 144 hr) and decreased with increased
age (6 to 24-day old) of larvae.

Mixtures of molinate and thiobencarb had additive toxic effects.

A no observable effect level (based on reduced growth) for 28-day
old larvae of 0.20 mg/liter molinate and 0.006 mg/liter thiobencarb
was obtained from a 21-day exposure to a mixture of molinate and
thiobencarb.

Results obtained from several tests were questionable because of
high mortality (> 20Z) of control groups, contamimation of dilutiom
water with volitilized molinate, and large variatiom in toxicant

concentration.
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RECOMMENDATIONS

The herbicide mixture acute toxicity tests should be repeated
because of high toxicant comcentratior varatiom in the treat-
ment groups. The variation can be s..ztantially decreased by
replacing the rotatmeter diluter wi'h a proporticmal diluter.

The berbicide scute toxicity tests on striped bass embryos and

@

prolarvae should be repeated becouse of high mertality im centrol

greups. Survivel Ir coptrel groor: CAnR e improved with test
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The herbicide chromic tonic ~v tests should be repeated because of

iiluticn watey

[
o
'l
Lri]
W
]
o
[e)
o
b
Fr
o
1z
'—- 1]
[#]
&y
re
e
(@]
r
4]
¥h
Iey

aigh mertaliity
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oo of molinste im the comrrol groups

czn be elimirated b provisinp adeguate ventilatior ip the te=sting
TCOMm.

Younger life-history stages of striped bass should be exposed tc
the nerbicides during chronic tests because they are more semsitive
and growing at & faster wate than oider larvae.

Field testing of meolinate and thiobencarb to larvel striped bass
shouid be postponed to 1986 enabling laboratory culture and testing

to be refined in 1985.






INTRQDUCTIOH
Justification for Study

Rice herbicides Ordram (molinate) and Bclero {(thiobemcarb) have been
detected in the Sacramento River from Kniyrt“s Landing downstream to Rio
Vista (California Department of Food anﬂ_Agriculture 1984). Since 1980, the
California Department of Fish and Game "CDFG) has monitored the level of
rice pesticides present in the agricu':zural drasins which discharge inteo the
striped bass, Morome saxatilis, spawT ing grounds of the Sacramento River
(Finlayson and Lew 1983a; 1983b; 1974, The short-term and long-term effects
of these chemicazls on survival and development of embrycs and larvae of
striped bass are unkmown. In Se-tember 1983, CDFC began s three year study
to determine the toxic effects »f rice pesticides from agricultural drain
water otn the esarly developmenta' stages of striped bass as proposed by
Finlayson et al. (1982a).

The annual rice crop in Califormia has fluctuated betweez a low of
180,000 acres and & high of 540,000 acres (Table 1}). Over 90Z of the rice
acreage in Cslifornia is grown in Butte, Colﬁsa, Glenn, Sacramento, Sutter,
and Yolo counties in bands bordering the west and e#st banks of the
Sacramento River (Figure 1).

A variety of insecticides and herbicides have been used on rice in
California (Table 2) for comtrol of pests, primarily tadpole shrimp and rice
leafminer and watergrass, sagetop, and arrowhead, respectively. Rice is a
semi-aquatic plant, and its culture in California requires continual

flooding with water movement through the inundated field.



Table 1. Ten-year trend in California rice acreage.a/

Year Acreage
1974 176,000
1975 332,000
1976 256,000
1977 207,000
1978 352,000
1979 374,000
1980 | 435,000
1981 508,000
1982 538,000
1983 348,000
1984 ; 510,000

a/

=’ CDFA, Annual Pesticide Use Reports.
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Table 2. Major pesticides used on rice in 1982.a/

Insecticides
Chemical Pounds (a.i.)
Furadan 115,000
Methyl parathion 101,000
Carbaryl : 84,000
Parathion 15,000
Herbicides
Chemical Pounds (a.i.)
Ordram 1,505,000
Bolero 675,000
MCPA 406,000
Bentazon 124,000
Propanil 84,000

Silvex 40,000

al CDFA, 1982 Annual Pesticide Use Report.



Water runoff from rice fields into agricultural draims and, ultimately into
the Sacramento River is at the present time un.voidable because of cultural
requirements. Pesticides accompany this rursff which typicslly occurs from
May through July.

The CDFG and Californiez Regional Weter Quality Control Board-Central
Valley Region (CVBRWQCB), and Californic Department of Food and Agriculture
(CDFA) have monitored the off-target novement of rice pesticides into State
waters since 1978 (Van de Pol 1978; “inlayson et al. 1982b; Finlayson and
Lew 1983a; 1983b; 1984; CDFA 1984). These studies have identified the
Colusa Basin Drain, Natomas DraiL; Reclamation Slough, Reclamation District
108, Butte Slough, Sutter By-Pase, and Sacramento Slough as major sources of
agricultural runoff from rice fi:lde into the Sacramento River (Figure 2),
Water samples taken during théfe investigations were analyzed for
concentrations of ethyl parathion, methyl parathion, molinate (Ordram),
thicbencarb (Bolero), and 2, methyl-4-chlorophenoxy acetic acid (MCPA).
Ethyl parathion and MCPA were never detected in the water samples, and
methyl parathion was only»intermittently detected at concentrations up to
3.0 ug/liter! 100 times less than concentrations demonstrated to be acutely
toxic to fish (Johnsor and Finley 1980). High levels of molinate and
thiobencarb have, however, been detected in agricultural drain water from

1981 through 1984; concentratioms approaching 700 ug/liter molinate and 200
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ug/liter thiobencarb have beer detected in the {oluss Basin Prainm {Figures
and 4). Detectable concentrations of rice berticides im the agricultural
drains have lasted for up tc 6 days.

Residues of these herbicides in whit.. :atfish, Ictalurus catus, and

chanpel catfieh, Ictalurus punctatus, frex the Colusa Basin Draim have
approached 2.0 ug/g molinate and 5.0 uy g thiobencarb (Finlayson and Lew
1983b).

The CDFG originally became invo:ved with monitoring rice pesticides
because of extensive fish lcsses {(ur to 30,000 fish) which bhad been
occurring annually ir the agricult.ral drains since the mid-19707s. .Carp:
Cyprnus carpio, was the primary species killed. Finlayson et al. (1982b)
concluded that wster temperatur:c and dissolved oxygen concentratione were
not limiting factors for surviv:l of channel catfish, white catfish,
bullhead, Ictalurus nebulosus, bluegill, Lepomis macrochirus, crappie,
Pomoxis nigromaculstus, largemouth bass, Micropterus salmoides, and carp
which inhabit the agricultural drains. Ordram was highly suspected of
causing the fish losses based orn the texicity data of molinate to carp
presented by Kawatsu (1977). Kawatsu (1977} determined thst mclinste
produces anemis and eventual death in carp during sub-chromic {2i-day)
exposure. These effects of molinate on carp were reaffirmed in a field
study (Finlayson and Lew 1983b) and a laboratory study (Finlayson and
Faggeila MS 1984). Bolero usage on rice began in 1981. The presence of
Bolero in Sacramento River water was believed responsible for imparting an

off-flavor to the water supply of the City of Sacramento. Because of the

>
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adverse effects of molinate and thiobencarb on bemeficial uses of water,
CDFA in 198Z began a series of regulatory actions aimed at curtailing the
off-target movement of Ordram and Bolero. These actions have included: 1)
mandatory holding times of herbicide treated waters om rice fields (allowing
dissipation.and breakdown of chemical on farget); 2) requiring a permit for
their use (providing enforceability of use restrictions); and 3) limiting
sales (restricting the amounts used).

The 65-km section of the Sacramento River extending from Colusa
downstream to Sacramento (Figure 2) receives large volumes of agricultural
return water from rice fields. During low to normal outflow years,
discharge from agricultural drains may contribute over one-third of the
total river flow above the confluence with American River (Hansen 1982).
Both molinate (up to 42 ug/liter) and thiobencarb (up to 12 ug/liter) have
been detected in the Sacramento River in 1982 through 1984 for up to 40 days
(Figures 5 and 6).

Spawning of striped bass, American shad, Alosa sapidissima, and white
sturgeon, Acipenser transmontanus, occurs in the rice herbicide impacted
zone of the Sacramento River around Knight“s Landing during peak discharges
from the agricultural drains; from April to mid-Jume up to 67% of spawning
of striped bass occurs in the Sacramento River from Isletom to Butte City
(Farley 1966; Turnmer 1976). Additionally, downstream migrant king salmon,
Oncorhynchus tshawytscha, are present in the Sacramento River and

agricultural drains (Butte Creek) durimg this period (Kjelson et al. 1981).

_10_.
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Interm Water Quality Guidelines

The data of Finlayson and Faggella {MS 198%), Kawatsu {1977), and
Chevron Chemical Company and Stauffer Chemical Company pestiéide
registration files were used to develop interim water quality guidelines of
24 ug/liter thiobencarb and 90 ug/liter solinate for protection of aquatic
organisms inhabiting the agricultural drains and the Sacramento River from
Ordram and Bolero (Carper 1984).

The guidelines were considered interim because a comprehensive
assessment of the hazards to residen: and anadromous fisheries in the
Sacramento Valley was not possible since there were few chronic exposure
studies for the two herbicides. A better assessment can be made within the
next few years when the present study and others have been cﬁmpleted.

Scope of Study

The objectives of this study are as follows:

1) Determine the acute and chromic toxicity of rice pesticides in
Sacramento River and agicultural drain water to embryonic and larval striped
bass;

2) Characterize the exposure of striped bass eggs and larvae to rice
pesticides {Ordram and Bolero) in the Sacramento River;

3) Integrate monitoring and toxicity informatiom into a risk assessment
model for predicting the impacts of agricultural return water with varying
concentrations of rice pesticides on the striped bass fishery; and

4) Recommend appropriate corrective actions to the CDFA for

implementation.

=13~



Tasks Completed in 1984

Between October 1, 1983 and November 30, 1984, the following tasks were
completed relative to the study’s overall objectives. These are as follows:

1) Monitored rice herbicide concentrations in the Sacramento River and
associated agricultural drains during 1984 rice growing season and prepared
a report on the findings (Finlayson and Lew 1984);

2) Devloped testing and culturing protocols and faéilities for early
1ife history stages of striped bass; and

3) Determined the sensitivities of striped bass prolarvae and larvae to
rice herbicides Ordram and Bolero.

The design snd construction of culture and testing facilities were
completed during the winter of 1984, The striped bass larvae were
maintained in a recirculating system at the CDFG Fish Disease Laboratory
and, the continuous-flow toxicity tests were conducted in the CDFG Mobile
Bioassay Laboratory, both adjacent to Nimbus Hatchery on the American River.
Acute and chronic tests on Ordram, Bolero, and a mixture of the two
herbicides were conducted between May 1 and Jume 30, 1984.

This report describes the culturing and testing protocol and facilities
used during the 1984 tests, the acute and chronic test results, problems
encountered with the culturing and testing of larval striped bass, and

recommended corrective actions for these problems.

_14_.



HMETRODS AND MATERIALS

Study Schedule

Design and comstruction of the testing and rearing facilities began in
September 1983 and were completed in April 1984.

Toxicity testing on embryomic and larval striped bass began on May 1,
1984 and was completed on Junme 29, 1984. Twenty one acute toxicity tests (7
test series) and three chroric tests (' test series) were attempted during
this two month period (Table 3). All test organisms came from three spawns
(families) of striped bass.
Description of Life History Stages

Striped bass go through four life history stages: embryonic, larval,

juvenile, and adult. The larval stage has been divided into prolarval and
postlarval periods by Rogers et al. (1982). The period from hatching to
yolk absorbtion and omset of feeding (4 to 10 days pokt-hatch) is known as
the prelarval stage, and the period from prolarval stage to metamorphosis
(22 to 76 days post-hatch) is known as the postlarval stage (Table 4).
Metamorphosis of larvae to juveniles occurs at approximately 40 days
post~hatch at 18 C. The juvenile stage lasts for three to four years at
which time they become sexually mature.
Culture Methods

The Nimbus testing and rearing facility cultured striped bass beginning
with fertilized eggs at 6 to 12 hr prior to hatch. The fertilized striped
bass eggs came from the CDFé,ﬁentral Valley Fish Hatchery (CVFH) located at

Elk Grove, California. The CVFH is located approximaﬁely 25 miles from the

..15-
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Table 4. Early life-history stages of striped bass raised at 18 C (after
Rodgers et al. 1982).

Age

Total length
(mm)

Characteristics

51.8 hr after
fertilization

3 days after
hatching

& to 7 days
after hatching

20 to 30 days
after hatching

40 days after
hatching

3.25 to 4.71

5.04 to 5.77

5.5 to 7.5

10, 12 to 16

11.9 t> 20.4

_17_

Hatching completed for eggs

Eye pigmented; gut differentiated
ventrally pigmented; pectoral buds
Yolk sac absorbed

Differentiation of rays in caudal,
anal, and dorsal fins. Myotomes
correlated with number of

vertebrae

Metamorphosis



Nimbus test facility. Eggs were transported via automobile from CVFH to the
Nimbus facility; travel time was approximately 30 minutes. The fertilized
eggs were placed in plastic bags inside a stryofoam ice chests at CVFH prier
to transportation. Upon arrival at the Nimbus facility, some of the embryos
were subjected to the toxicants in tests. Those eggs not used in the
toxicity tests were hatched in modified plexiglass MacDonald hatching jars
(Figure 7).

-One hatching jar was immersed in each quadrant of the circular tank
which was supplied with water from the recirculating rearing system
described below. The quartity of water flowing into the hatching jar was
adjusted so that the eggs were kept suspended. As eggs hatched, the
prolarvae were carried out of the hatching jar and into the quadrant of the
circular tank by the overflowing water.

The rearing system consisted of a 1000-liter circular fiberglass tank
with the volume adjusted to approximately 700 liters. Water in the system
was recirculated through a bioclogical filter. The tamk was divided into
quadrants with plexiglass frames covered with 500 um mesh polypropylene
screen (Figures 8 and 9). Water was pumped from the filter inmto the tank
through PVC pipe jets located on the bottom of the tamk. The jets caused an
upwelling current. Water flowed out of the tank through a central drain
which was screened with 500 um mesh polypropylene screen. Water leaving the
tank flowed by gravity through the biclogical filter and was then pumped

back to the rearing tank. ‘The filter consisted of a 66 x 61 x 47 cm box
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Figure 7. MopirF1eD MACDONALD HATCHING JARS.
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FIGURE 8. EGG AND LARVAL REARING TANK WITH 'SCREENED QUADRANTS.
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made of fiberglassed Crezon plyyood (Figure 9) filled with fine gravel and
oyster shells, 1l cm deep.

Water temperature of the tank and filter was maintained at 19 C by a
Frigid Model D1-33 refrigeration unit emersed in the filter bed.

Water temperature was monitored twice daily.

Salinity of the water was adjusted to 5 o/oo and monitored once a week
with a YSI Model 33 conductivity meter. Water was added to the system when
needed to maintain the salinity at 5 ofoco. Dissolved oxygen and ammonis
were not monitored. One complete water change was made approXimately two
weeks after the initial batch of embryos were received.

The prolarvae and postlarvae were fed San Francisco Bay brand artemia
nauplii. Feeding was begun on the second day after hatching. The prolarvae
generally start feeding the fourth day after hatching (Rogers et al. 1982);
feeding aﬁ this earlier time allowed the larvae 2 days to imprint om the
nauplii. The feeding density was approximately 5,000 nauplii per liter as
suggested by Rogers et al. (1982). The larvae were fed twice daily at 0800
and 1600 hrs.

The artemia nauplii were cultured in two-liter plastic soda bottles
which had the bottoms removed (Figure 10). Salinity of the culture media
was adjusted to 35 ofoo sodium chloride, and 15 ml of artemia cysts were
added per twe liters of culture media. Each bottle was aerated for
circulation. The artemia acysts were incubated for 72 hours at
approximately 24 C, After-72 hours, the seration was terminated, and the

cyst shells floated to the top of the jars and were manually removed. The

22~



Ficure 10, ARTEMIA REARING SYSTEM (2-LITER INVERTED PLASTIC SODA BOTTLES).
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nauplii were fed to the striped bass larvae using a calibrated plastic
pipette.

Samples were collected from the rearing facility for histological
examination at 2 to 3—day intervals from hatch to metamorphosis to establish
a record of development. Each sample consisted of five individuals which
were preserved in bouin”s solutiom.

Testing Methods

The toxicity tests were conducted in a 7.3 x 2.4 m mobile bioassay
laboratory (Figure 11) located at the Nimbus facility. The 1abor§tory had
three diluters which allowed three toxicants (molinate, thiobencarb, and the
molinate and thiobencarb mixture) to be tested comcurrently. Each diluter
supplied twélve 81 x 15 x 21 cm aquaria, six toxicant concentrations
(including controls) in duplicate. The aquaria were made of glass and
silicone adhesive with water volumes adjusted to approximately 26 liters.
Molinate and thiobencarb were tested individually with the solencid valve
proportional diluters, and the molinate and thiobencarb mixture was tested
with a rotameter type diluter. The proportional diluters (Figure 12) were
modified Mount-Brung types constructed of glass, stainless steel, teflonm,
and silicone. The rotameter diluter was constructed with variable area
flowmeters, teflon tubing, and nylon tubing fittings (Figure 13). The 50%
volume replacement time in the test aquaria was 6.5 hr.

The continuous flow tests were conducted at the nominal termperature
and salinity of 19 C and 2 ©/oo respectively. Quality of the ummodified

incomming American River water used for dilution in the tests varied in
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Ficure 11,

CDFG MORILE BIOASSAY LABORATORY.
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Figure 12. SOLENOID VALVE PROPORTIONAL DILUTER.
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Ficure 13. ROTAMETER TYPE DILUTER.
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temperature from 14 to 17 C and in conmductivity from 50 to 60 umhos/em. The
temperature and salinity of the dilution water was adjusted and monitored
prior to use in the tests (Figure 14).

Temperature of the incoming dilution water was adjusted by heating a
portion with a Dura Power stainless steel hotwater heater and blending it
back into the dilution water line through a Gillman variable area
flowmeter. Salinity of the dilution water was zdjusted to 2 o/oo by
injecting artificial seawater at a salinity of 35 o/oo back into the
dilution water using a Cole-Parmer variable speed peristaltic pump. The
seawater was stored in two 600-liter polyethylene tanks. The seawater was
made by mixing 18 kg of Marine Environment sea salts with 563 liters of
unmodified American River water for several hours with a Cole—Parmer 1/3
h.p. shaft-drive mixer. This quanity of seawater was sufficient for 48
hours of testing. The warmed saline dilution water was then filtered
through a Teel fiberglass cartridge filter (porosity of 10 uﬁ) before
passing through the Montedoro-Whitney Model WQM-1 water quality monitor
(WQM). The temperature, pH, conductivity and dissolved oxygen of the
dilution water were measured and recorded at 30-minute intervéls by the WQM.
Direct readings of the WQM were used to adjust the flows of the hot water
and sea water several times daily.

Five test chamber designs were used during the testing period: 1) a
modification of the flow-through egg chamber used by Burton (i982) which was
manufactured from glass, silicome, and 350 um mesh polypropylene screen,

used in Test Series 1 (Figure 15); 2) a 14 x 8 x 25 cm box manufactured from
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500 um mesh polypropylene screem, used in Test Series 2 and 3 (Figure 16);
3) a 14 x 8 x 13 cm box manufactured from 500 um mesh polypropylene screen,
used in Test Series 4; 4) a 13 x 13 x 10 cm box manufactured from 350 um
mesh polypropylene screen (sides) and 500 um mesh polypropylene screen
(bottom), used in Test Series 5, 6, 7, and 8 (Figure 17); and 5) a 13 x 13 x
13 cm box manufactured from 3.3 mm plate glass (sides) and 500 um mesh
polypropylene screen (bottom), used in Test Series 8 (Figure 18). The
flow-through egg chambers (Figure 15) were comnected directly to the
diluters by teflon tubing, and the flows through the chambers were
controlled by pinch clamps. The boxes were suspended from the top edges of
the aquaria. Glass marbles were placed in the bottoms of the
all-polypropylene boxes to keep them from floating due to air bubble
entrapment.

Water temperatures in the test aquaria were maintained at 19 + 0.5 C
(mean + SD). The aquaria were immersed in constant temperature water baths.
There were three water baths (12 aquaria per bath) intercommected to a
central reservoir. Water in the reservoir was pumped into the three water
baths, circulated between the aquaria, and returned by gravity flow to the
central reservoir. The water in the reservoir was heated by submersible
quartz heaters controlled by a Cole-Parmer proportional indicating
electronic temperature controller. The baths were cooled by the overhead

Coleman air conditioner. Temperatures in the water baths and the aquaria

-
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Ficure 15.

EGG TEST CHAMBER USED IN TeST Series No,1l.
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Ficure 16. LArRvAL TEST cHAMBer (14 x 8 x 25 cm) mape oF 500 um
POLYPROPYLENE SCREEN. UseDp FrRo TesT Series No. 2 anp 3.
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Figure 17. LarvAL TEST chamBer (13 x 13 x 10 cM) MADE OF 350 um
POLYPROPYLENE SCREEN SIDES AND A 500 UM POLYPROPYLENE SCREEN

BOTTOM. Usep IN TesT Series 5, 6, 7. anp 8.
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Ficure 18. LArRvAL TEST CHAMBER (13 x 13 x 13 CM) MADE WITH GLASS SIDES AND
500 uM POLYPROPYLENE SCREEN BOTTOM. Usep IN TesT Series 8.
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were continuously monitored by platinum thermometers and recorded on a
Cole-Parmer two-channel strip chart recorder (Figure 14).

Acute (l44-hr) toxicity tests were conducted on embryo, prolarval, and
postlarval fish (Table 3). Approximately 50 embryos were placed in each
test chamber, and approximately 50 larv-e were placed in each test chamber
at a density of 25 larvse per liter as :ecommended by Burton (1982). Each
aquarium had one test chamber, and thcre were two aquaria per concentration.
Thus, approximately 100 individuals ter concentration were exposed in the
acute toxicity tests.

Chronic (21-day) toxicity tescs were conducted on 28-day old postlarvae
(Table 3). Three test chambers were placed in each aquarium. Survival was
monitored in two of the test chambers, zid individuals in the third test
chamber were collected for histilogical examination. Approximately 25
larvae were placed in each tes: chamber at a density of 12 larvae per liter.
Thus, approximately 100 individuals per concentration were exposed in the
chronic tests.

The larvae were fed twice daily at 0800 and 1600 hours at an optimum
nauplii density of approximately 5,000 liter as recommended by Rogers et al.
(1982).

Water samples for a confirmation of molinate and thiobencarb
concentrations were collected with glass pipettes and deposited in
borosilicate glass bottles. The samples were immediately preserved with
100 ml of petroleum ether. Samples were taken three times during the acute

toxicity tests at 24, 72, 120 hours and twice weekly during the chromic
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tests. The samples were analyzed for molinate and thiobemcarb
concentrations at the CDFG Water Pollution Control Laboratory. The glass
sample bottles and pipettes were chemically cleaned after use by scaking in
IN sodium hydroxide for 24 hours, rinsing with hot tapwater, washing with
hot soapy water, rimsing with tapwater, rinsing three times with deiomized
water, and finally rinsing with a mixture (1 + 1) of petroleum ether and
acetone.

Dead larvae were recorded and removed daily. A fish was considered
dead if it did not respond to external stimulii or if it had turned opaque.

Llength measurements of larvae were made at the termination of acute and
chronic tests. Total length measurements were made on prolarvae using a
calibarated ocular micrometer graduated to 0.01 mm. Total length was
measured from the anterior tip of snout to the end of the nmotochord. Fork
length measurements were made on postlarvae using a calibrated microscope
slide to 0.1 mm. Total and fork length measurements were made because of
damage often occurimng to the tail fim.

Samples of larvae were taken for histopathological examination at the
‘termination of the acute and chromic toxicity tests. Each sample consisted
of five fish from each concentation which were preserved in bouin”s solution
and fixed for later examination.
Toxicants and Delivery Systems

Molinaste and thiobencarb sclutions were prepared from Ordram
8 EC and Bolero 8EC commercial herbicide formuiations (containing 90.3 and

85.4% active ingredient, respectively) by sonicating them in distilled
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water. A Heat Systems-Ultrascnics Model W-370 Cell Disrupter was used for
sonication. The solutions were made up in 15 liter quantities and stored imn
20 liter glass jars with lids; 15 liters wes cufficient for a 6-day acute
toxicity test. New solutions were preparcd weekly during the 2l-day chromic
tests. The solutions were supplied to the toxicant mixing chambers of the
diluters using Gilson peristaltic pump: and silicome tubing. The solutions
were checked analytically for molinate and thiobencarb content at the
beginning and end of use.
Dats Analysis

All statistical calculations r 2re computed on a 16-bit NEC APC
microcomputer (11,000 K RAM, 126 K ROM) with Ashton-Tate D-Base II
assembler and Digital Research (B86 Basic compiler. Survival data from the
acute and chronic tests were an:iyzed by the binomial chi-square test for
data arranged in two groups (Ccchran and Cox 1968).

Median lethal concentratiom (LC50) values were calculated for the
acute tests. The tests were considered invalid if wmortality of the controls
was > 20%. Abbot’s correction factor was used when control mortality was >
1027 and £ 207

Mx(a) = 1 - Sx/Sc
where Mx(a) is adjusted mortality in concentration x, $x is survival in
concentration x, and Sc is survival in controls (Finley 1971).
The Mx(a) was used to calculate the adjusted number dead in concentration x
Dx(a) = Mx(a)*Ex

where Dx{a) is the adjusted number dead in concentration x and Ex is the
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number exposed in concentration xXx. The LC50 values were determined using

either moving average method when > 1 toxicant concentrations had partial

mortality (between O and 100% mortality) or nonlinear interpolation method
when no toxicant concentration had partial mortality (Stephan 1977).

Angle transformation of mortality was used in the calculatioms:

V = 1/2 [Arcsin Dx/(Ex + 1) + Arcsin  (Dx + 1)/(Ex + 1)]
where V is the transformation, Ex is the number exposed and Dx (or Dx[al) is
the number dead in concentration x. Exact (952) confidence intervals were
calculated using Fullers Theorem (moving average), or comservative (> 95%)
confidence intervals were calculated using binomial probabilities (nonlinear
interpolation) according to methods given by Stephan (1977).

In herbicide mixture tests, molinate and thiobencarb concentrations at
the LC50 level were interpolated from least squares regression (solutiomn
concentration versus herbicide comcentration). To determine the type of
toxic interaction of molinate and thiobencarb in mixtures, toxicities of the
herbicides in mixtures were expressed as toxic units and summed (Lloyd 1961;
Brown 1968):

(Mm/Mi) + (Tm/Ti) = §
where M is molinate and T is thiobencarb, i is LC50 of individual herbicide
tested separately, and m is the concentration of the individual herbicide at

the mixture LC50 value. Additive indexes (AI) were calculated by adjusting
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for asymmetry of S and substituting 952 confidence intervals for the 96-hr

LC50 values and establishing a test range (Marking 1977) as follows:

i}

If S > 1.0 then AL = -5 + 1.0;

If §

(VoY

fl

This index is symmetrical about AI = 0 (additivity); positive values
indicate synergism, negative values antagonism. The theoretical range of
completely (simple) additive toxicity (AI = 0) for the herbicide mixture
tests were estimated by adjusting the herbicide mixture LCS50 values to

S = 1.0, substituting the adjusted ¢5% confidence intervals into the two AI
equations and establishing an addicive range (Finlayson and Verrué 1982).
To determine the type of interactiou, the two ranges were compared as
follows: if the test range bro:dly (> 50%) overlapped the additive range
then additive toxicity; if most of the test range (>50%) was below the
additive range then antagonistic toxicity; and if most of the test range
(>50%) was above the additive range then synergistic toxicity.

Length measurements of larvae from control and treatment groups were
compared in the acute and chronic tests. Significant differences betweeﬁ
the control and treatment groups were determined by the Kruskal-Wallis test
with Dunn“s muitiple comparison procedure (Daniel 1978).

Chemistry

Molinate and thiobencarb concentrations in water were analyzed by the

methods outlined in Finlayson et al. (1982). A quantity of test water was

extracted twice with 100 ml each of petroleum ether. The extracts were
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combined and then anélyzed with a Varian Aerograph Model 3700 gas liquid
chromatograph with the following conditiomns:
Column: DC200, length 183 cm
ID: 2 mm
Detector temperature: 290 C
Injector temperature: 210 C
Column temperature: 192 C for thicbencarb; 180 C for molianmte
Carrier gas: N2
Carrier flow: 20 ml/min
Detector: TSD
Detection limits: 1 ug/liter for both molinate and thiobencarb.

The toxicant concentrations were averaged for the testing period, and

the means were used in the calculations of LC50 values.
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RESULTS
Water Quality and Toxicant Stability

The mean salinity of the dilution water for the acute toxicity tests
ranged from 1.84 to 2.14 of/oc (Table 5). The mean salinity of the dilution
water for the chronic toxicity tests wa' 1.85 o/oo. The daily meamns for the
acute and chromic tests are summarized n Appendicies A and B, respectively.

The mean teméeratures for the di"ution water for the acute toxicity
tests ranged from 17.4 to 17.9 C (Table 5). The mean temperature for the
dilution water for the chronic tests was 18.2 C., The temperature of the
water in the test aquaria averaged 19 C due to additional warming by the
recirculating water bath. The diily means for the acute individual tests
are summarized in Appendicies A snd B.

The mean pR for the dilutirn water for the tests ranged from 8.5 to 9.0
(Table 5), and the dissolved oxygen ranged from 99 to 1362 of saturation.
The daily means for pH and dissclved oxygen for the acute and chronic tests
are summarized in Appendicies A and B, respectively.

For the herbicides tested individually, the measured molinate and
thiobencarb concentrations in the test aquaria avegaged 94% and 87% of
expected, respectively, based on analyses stbck solutions and known dilution
rates. For the herbicide mixture tests, measured molinate and thiobencarb
concentrations in the test aquaria averaged 85 and 99Z of expected,
respectively.

Success of Culture and Test H;thods

We did not design a protoccl to monitor survival of larvae in the

rearing system. Based on visual observations, it appeared that we had

success comparable to that noted in the literature (Rogers et al. 1982},
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The larvae reared in our system appeared to have growth rates (Figure 19)
comparable to those reported by Eldridge et aln'(1981) for larvae which were
fed a similar quantity of brine shrimp.
Toxicity of Thiobencarb and Molinate

The concentrations of molinate and thiobencarb tested produced dose
related responses in survival of 6-day ¢1d (Table 6), 7-day old (Table 7),
and 24-day c¢ld fish (Table 8). The lcwest molinate and thiobencarb
concentrations tested individually which significantly lowered survival
during the 1l44-hour exposures were 7.6 and 0.19 mg/liter, respectively. For
the herbicide mixture tests, the lowest molinate and thiobencarb
concentrations tested which sign ficantly lowered survival were 2.0 and 0.16
mg/liter, respectively. Growth was not measured in the test on 6—day old
fish (Test Series 5) and nome of the herbicide concentrations tested
significantly lowered growth of the 24-day old fish (Test Series 7).
Herbicide concentrations producing greater thgn 407 mortality significantly
lowered growth of 7-day old fish (Test Series 6) during the l44~hour
exposure, and this effect appeared to be dose related. The data from Test
Series 6 were, however, questionable because of ﬁhe high mortality of
control fish (27 to 37Z). Mortality of controls in Test Series 5 (6-day old
larvae) and 7 (24-day old larvae) ranged from 2 to 17% with a mean of 7.5%.

Thiobencarb was on the average 14 times more toxic than molinate to
larval striped bass based om 96~hr LC50 values. The toxicity of molinate
and thiobencarb and the herbicide mixture increased with exposure time and
decreased with age of larvae (Table 9). The 96-hr LC50 values for 6-day and
24—day old larvae exposed to the herbicides separately were 6.6 and 7.9

mg/liter molinate and 0.35 and 0.67 mg/liter thiobencarb, respectively. The
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Table 7. Acute effects (144-hr) of molinate and thiobencarb concentrations {(mg/liter) on growth and aurvival
(mesn values with SD in parentheses) of 7—day (Test Series 6) striped bass larvae.

Molinate Thiobencarb Molinate snd Thiobencarb Mixcore
Fish Fish Fisgh
Molinzte Mortziity Length Thicbencerb Mortality Length Holinste & Thiobencarb Mortality Length
Concentration (2) (am) Concentration (2) [€Y] X Concentration () () R
Comtrol 27 5.09(C.48) 25 Control 3T 4.74(0.47) 24 Control 37 5.08(0.55 25
(<0,14(0.06)) (<c.1¢0)) (<0.12(0.04))
(<5.1000))
2.6(0.4) 42/ 4. 88(0.61) 10 0.13(0.03) 42 4.97(0,58) 24 0.86(0.44) 34 4.50(0.66)Y 23
0.07(0.02>
3.8(0.4) w6 45900409 25 0.23(0.08) 34 A.58(0.50) 24 3.6(0.9) s a8 3
0.28(0.07)
</
6.5(0.6) 6o a.08¢0.28)% 23 0.39(0.03) s 6.1300.22) 10 5.4(1.30) et/ 3.95(0.700% 12
0.40(0.12)
11.0¢1.1 100% - - 0.63(0.08) o8 aloe0.222¥ 6 10.0(3.50) 100¥/ - -
0.74(0.20)
20.0(2.9) 100 - - 1.1€0.12) 100/ - - 21.0(6.3) 100%/ - -
1.5(0.04)

LY N = gnmber of fish measured. %
b/

Significantly greater than controls (xz, 0.05).

¢/ Significantly smaller than comtrols (z, 0.05).
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Table 8, Acute effects (l44-hs) of molinate end thiobencarb coscentration: (mg/licer) on growth snd survival
(mean values with SD in parentheses) of 24~day (Test Series 7) ntriped bass larvae.

Molingte Thi bencarb Mplipate and Thiobencarb Mixtore
Fish Fish Fish
Molinate Mortality Length Thiobencarb Mort- iity Length Molinate & Thiobenmcarb Mortality Length
Concentration () (=m) H"‘, Concantration (<) (wmn) N Concentration =) (um) N
Control 2 8.02(0.71) 25 Control 37 5.33(0.75) 25 Control 4  7.82€0.533 25
{<0.29(0.19)} (.1} (<0.15(0.06)
(<0.10(0)
o/ : ; o
3.6(1.3) & 8.18(1.11) 10 0.20€0.04) 33 8.48(6.31) 5 0.49(0.18) 18 T.e200.600% 25
<0.1(0)
/ b/
5.4(1.7) 522 §.30£0,33) 18 0.27(0.05) 20 8.24(0.65) 25 2.6(1.1) 87 8.28(0,29) 3
6.19(0.06)
B.9(2.5) 34 7.82(0.31) 26 0.45(0.05) 522 7.s200.70) 25 3.8(0.58) gp®/ 7-4000.95 2
0.30(0.03)
13.0(1.33 100/ - - 0.75(0.09) 9% 7.03¢0.0m & 8.0(0.189) 100% - -
6.60(0.05)
20.002.4) 100%/ - - 13061 100%/ - - 14.0{0.5) 1o0®/ - -
1.1(6.05)

1Y)

N = pomber of fish messured. 1
LY A z

Significantly grester than comtraels {x", 0.05}.
e/

Significantly smaller than controls (z, 0.05).
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Table 9. Mean lethal (LC50 values) and 95I confidemee interval (im parentheses) concentrations (mg/liter) of molinate
(Crdram 8EC) and thiobencarb (Bolero S8EC) to larval striped bass.
L J
1C50 Values
Fish Fish Molinate Thiobencarb
Age Length
(a) (oam) Test Series 48-hr 96=hr 14é~hr 48-hr 96=hr lb4é~hr
6 5.52(0.35)‘/ 5 1%.0 6.6 5.4
{9.6-11.0) (6.1-7.1) (4.9-5.9)
0.78 0.35 0.32
(0.72-0.84) (0.30-0.39) (0.29-0.35)
5.2 3.8 2.7 0.46 0.33 0.22
(4.8~5.6) (3.5~4.2) (2.4-2.9) (0,42-0.51) (0.30~0.37) (0.19-0.24)
26 8.06(0.66) 7 13.0 7.9 -
{12.0-14.0) (71.-8.7)
- 0.67 0.46
(0.61-0.74) (0.41-0.52)
7.7 3.1 1.4 0.60 0.24 0.11
(6.7-8.8) (2.6-3.6) (1.2-1.7) (0.52-0.68)  (0.20-0.28) (0.090.13)
EY)

Mean + SD in parentheses. R
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96-hr LC50 values for 6-day and 24-day old fish exposed to the herbicide
mixture were 3.8 mg/liter molinate and 0.33 mg/liter thiobencarb, and 3.1
mg/liter molinate and 0.24 mg/liter thiobencarb, respectively. The toxicity
of the herbicides.to 6—day old fish incressed with increased exposure. The
LC50 values for molinate decreased from (0.0 to 5.4 mg/liter and for
thiobencarb decreased from 0.78 to 0.32 mg/liter with an increase ig
exposure from 48 to 144 hr.

The molinate and thiobencarb mix:ures produced AI ranges indicating
slightly less than additive (6~day cid larvae) and slightly greater than
additivity (24-day old fish) toxic.iy (Figure 20). Collectively, the tests
suggest simple additivity betwee: molinate and thiobencarb in a mixture.
The data summary sheets for the acute tests with the 6-day, 7-day, and
24~day old fish are presented ir Appendix C.

None of the molinate concentrations tested seperately in the 2l-day
chronic test significantly lowered survival ot%growth of 28-day old
postlarvae (Table 10). The highest thiobencarb concenfration (0.074
mg/liter) tested seperately significantly lowered growth., However, high
mortality (32 to 49Z) in the comtrol groups of the.chronic tests with
individual herbicides makes any conclusions from the data questionable.
None of the molinate and thiobencarb concentrations in the herbicide mixture
chronic test significantly lowered survival but concentrations > (.20
mg/liter molinate and > 0.009 mg/liter thiobencarb significantly lowered
growth of the postlarvae. THis effect on growth appegred to be dose

related. Thus, a no observable effect level (NOEL) for 28-day old fish
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Table 10, Chrovic effects (21=day) of molinets and thiobenmcarb concentraticas (mg/liter) on growth and survival
(mean values with SD in parentheses) of 28-day old (Test Serics 5) striped base larvae.

°
Molinste Thiol -ucard Molinste and Thiobencerd Mixture
Fish Fish Fish
Molinate Mortality Length Thiobencarb Mortal .ty  Length M¥olinete & Thiobsncarb Mortality Leogthk
Concentration (1) () H‘/ Concentration (x) () E Concentration (1) (mm) K
Countrel 49 17.2(1.4) 25 Control 32 20.1(1.5) 14 Control 14 19.4(1.6) 25
(<0.13(0.05}) (<0.001(0.001)> {(<0,08(0.04)}
(<0.002(0.002))
0.16{0,07) ik 18,6(1.,3) 25 9.010{0.005) 2 18,9(1.4) 25 0.18(0.17) 2] 18,6(1.3) 25
0.003(0.001)
0.20(0.04) 3 18.3(1.3} 25 0.015(0.003) -3 19.4(1.5) 25 0.20(0.08) 19 18.7(1.7) 25
0.006(0.002)
0.28(0.09%) 16 17.7(1.3) 5 0.022(0.006) 9 19.0(1.4) 25 0.20(0.09) 18 18.7(1.6)b-’ 25
) 0.009(0.0012)
0.45¢0.07; m 17.6(1.1) 25 0.041(0,018) 2 19.5(1.8) 25 0.43(0.10) 13 17.5{1.3)b" 25
£.020(0.005)
!
0.79(0.10} 35 18.3(1.6) 25 0.076(0.013) 20 17.8(1.‘0)M 25 0.68(0.12) 17 IT.I(X.Z)b" 2%
0.046(0,014)

o ¥ = nomber of fish msasured.

L) Significantly smelier than controls (=, 0.05). '
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exposed to the herbicide mixture for 21 days was 0.20 mg/liter molinate and
0.006 mg/liter thiobencarb.

The specimens collected from the acute and chronic tests for
histological examination have not been processed at the time of writing this
report. Results of their examination will be presented in an addendum to

this progress report.
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DISCUSSION
Water Quality and Toxicamt Stability

The raw water from the American River used for dilution in the tests
was adjusted to a desired salinity of 2 o/0c0 and a temperature of 19 C.
Water was warmed from ambient (14 to 16 ) to 17 to 18 C with the hotwater
heater and further warmed to 19 C by hest transfer from the recirculating
water bath. The recirculating water tuth was kept at 20 C with the use of
overhead air conditioning and heating probes. Excellent temperature controcl
of dilution water was obtained with this two stage temperature system. Mean
water temperature during the teste was 19.0 + 0.5 C (+ SD).

Because we used overhead ai- conditioning for cooling the recirculating
water bath, the testing room hac¢ no ventilation. Volatilization of molinate
is 2 well known phenomenon and ‘s believed to be the major mode of Ordram
dissipation from rice fields (Cormacchia et al., 1984). Molinate volitized
off the test aquaria and because of a lack of Toom ventillation, was
deposited into the control aquaria in significant amounts (up to 0.3
mg/liter). To prevent this from reoccuring, ventilation fans will be
installed in the test room, and the water bath will be cooled by a
recirculating water chiller.

Mean salinities of dilution water for the tests ranged from 1.8 to
2.1 o/oo. Although Rogers et al. (1982) suggests increasing salinities (5
to 15 o/oo) with increasing age of striped bass larvae for optimum survival,
We obtained, however, as low as 2% mortality in control groups at 2 o/oo.
Salinities of 1 to 3 o/oo can be expected in the "salt wedge" of the
Sacramento River estuary (Knutson and Orsi 1982) and thus, a salinity of

approximately 2 o/oo more closely mimics environmental conditioms of



Sacramento River spawned striped bass larvae. We suspect that the higher
mortality of some control groups was due to poor water circulation in the
test chambers leading to low dissolved oxygen and high ammonia
concentrations, rather than due to low salinities. The salinity of 2 o/oo
will be used in future tests. Little variation in salinity occured during
the tests and no changes are expected in this system next year.

Variation of toxicant concentrations in test aquaria was dependent on
the type of diluter used. For the solenoid valve proportional diluters
(single herbicide tests), the standard deviation of the mean toxicant
concentration was within + 10Z for acute and + 177 for the chromnic tests.
For the rotameter diluter (herbicide mixture tests), the standard deviatiom
of the mean toxicant concentration was within + 452 fof both the acute and
chronic tests. The toxicant variation (+ 10Z) in the acute tests with the
proportional diluters is acceptable. The higher variation (+ 17%Z) with the
proportional diluters was probably due to the use of three toxicant stock
solutions during the 2l-day tests and therefore, not reflective of diluter
performance. The large variation (+ 45Z) in the tests with the rotaméter
diluter can be attributed to the blocking of the rotameters by air bubbles
and solid matter, and changes in pressure of dilution water and toxicant.
The rotamenter diluter will be replaced by a solenoid valve proportiomal
diluter in future tests to brimg toxicant variation in the herbicide mixture
tests in line with that of the individual herbicide tests.

Success of Culture and Tesf’Hethods
We did not design a protocol to monitor survival of larvae im the
rearing system. Based on visual observations, it appeared that we had

success comparable to that noted in the literature (Rogers et al. 1982).
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The larvae reared in our system appeared to have a growth rate comparable to
that reported by Eldridge et al. {1981) who fed larvae a similar quantity of
brine shrimp nauplii. We will be feeding the larvae in the rearing and
testing systems three times per day at the same nauplii density in the
future.

The larvae in our system had prob’ems inflating their gas bladders
which is common in all hatchery operations (Lewis and Heidinger 1981). We
will be modifying our culturing syste: next year by switching from an
upwelling current to a circular current wher the larvae are able to swim.
There is some indication that larvse kept in an upwelling current have more
problems inflating their gas blar'ders than those kept in a circular current
(Lewis and Heidinger 1981).

We encountered difficulty confining larvae im the test chambers without
causing high mortality. The egg test chambers described by Burton (1982)
did pet work well in our test system. We experienced difficulty in
regulating water flows through the chamber at a constant rate. The hatching
prolarvae are positive rheotaxic and positive phototrophic which caused them
to swim to the top of the chamber and impinge themselves against the screen,
producing death.

The all-polypropylene screen test chambers were difficult to work with
and produced high mortality of larvae. They were difficult to work with

. because of their tendency to float and produced high mortality because of
inadequate water exchange and’current and the tendency of larvae to swim
into the side screens. The test chambers with glass sides did not float but
still lacked sufficient water exchange and current; however, the larvae did

not impinge themselves in the screen mesh which produced higher survival.
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Airlifts will be added to the glass chambers in the future to create water
currents and an exchange of water between the test aquaria and the test
chambers.

Toxicicty of Molinate and Tﬁiobencarh

The acute 96-hour LC50 value of molinate for 6-day old fish (6.6
mg/liter) was 192 less than that of the 24—day old fish (7.9 mg/liter). The
toxicity of molinate to larval striped bass (LC50 values of 6.6 to 7.9
mg/liter) is slightly less than that to juvenile striped bass (LC50 value of
8.1 mg/liter) as determined by Finlayson and Faggella (MS 1984).

The acute 96-hour LC50 value of thiobencarb for the 6—day old fish
(0.35 mg/liter) was 48% less than that of the 24-day old fish (0.67
mg/liter). The 24-day old fish appear to have approximately the same
sensitivity (96-hr LC50 values in parentheses) as juvenile striped bass
(0.76 mg/liter), chinook salmon (0.76 mg/liter), and rainbow trout (0.79
mg/liter) as determined by Finlaysonm and Faggella (MS 1984).

Thiobencarb was 16 times more acutely toxic than molinate to larval
striﬁed bass. The difference in toxicity between thiobencarb and molinate,
based on 96-hr LCS50 values, ranged from 19 times to 12 times for 24-day and
6-day old fish, respectively. The differences in acute toxicity between
thiobencarb and molinate for juvenile fishes are 11 times for striped bass,
18 times for steelhead trout, 17 times for chinook salmwon, and 19 times for
channel catfish (Finlayson and Faggella MS 1984).

Test ranges, based on ;6~hr LC50 values, indicated that the molinate
and thiobencarb in a mixture produce slightly less than simple additivity
(antagonism) to 6-day old fish but slightly greater than simple additivity

(synergism) to 24-day old fish. Collectively, the data suggests that the
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toxicity of molinate and thiobencarb in an equitoxic mixture is additive to
larval striped bass. Likewise, thiobencarb and molinate in equitoxic
mixtures produce additive toxic effects to junvenile steelhead trout,
channel catfish, and chinook salmon (Finlayson and Faggella MS 1984).

Growth was measured in acute tests conducted on 7-day old fish (Test
Series 6) and 24-day old fish (Test Series 7). Thiobencarb and molinate
individually and in a mixture signifi:antly lowered the growth of the 7-day
old fish in a dose related fashion brt the same effects did not occur im the
test on the 24-day old fish. The 7--day old fish are growing at a faster
rate relative to their body size than the 24~day old fish (Eldridge et al.
1981). Thus, effects on growth :aused by toxicant stress would be more
noticeable with the 7-day rathe: than 24~day old fish. The data from the
‘tests with the 7-day old fish w:re, however, questionable becuase of the low
survival in the control groups, suggesting that the larvae were uﬁder
extreneous stress. Thus, these data cannot be accepted as unequivocal
evidence that molinate and thiobencarb affected growth of larval stripedl
bass under thése test coaditions.

None of the molinate and thiobencarb concentrations either singly or in
combination significantly reduced survival of 28-day old larvae during the
21-day chronic tests. Nome of the molinate concentrationions tested
individually and only the highest thiobencarb concentration tested
individually significantly reduced growth. Additionally, the control groups
from both tests on the individual herbicides haﬁ high mortality. A NOEL of
0.20 mg/liter molinate and 0.06 mg/liter thiobencarb was observed in the

herbicide mixture test based on reduced growth. It is believed that chronic
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tests with younger larvae will yield lower NOEL values because the younger
larvae were more sensitive to both herbicides and are growing at a faster
rate.

Additionsal Studieai

The laboratory tests will be repeated in 1985 and the field tests will
be done in 1986. Recommended culture and testing protocols for larval
striped bass which will be used in 1985 are presented in Appendix E.

The larval acute tests will be repeated next year because of high
(>202) mortality of comtrol groups in Test Series 6, the large variatiom of
toxicant concentrations in the herbicide mixture tests, and significant
meolinate countamination of the dilution water in the control group aquaria.
The chronic tests as well will be repeated next year because of the same
biclogical and systematic problems.

The high mortality of control groups in Test Series 6 may be due to
this family originating from a bad batch of eggs or may be due to low
dissolved oxygen or high ammonia concentrations in the test chambers. Low
dissolved oxygen in the test chambers could have been caused by poor water
circulation in the chamber resulting from brinme shrimp clogging the screens.

The changes which will be made in the testing protocol for next year
are as follows:

1) The glass and net test chambers will have air lifts to continuously
replenish the test chamber water and assure sufficient dissolved oxXygen
concentrations. The air 1ift will also produce a small current in the test
chamber which will keep the embryos and larvae suspended and divorced from

escape behavior;
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2) The rgtameter diluter will be replaced oy a solenoid valve
¢ .
proportional diluter which will decrease the variability eof toxicant
concentrations;

3) Ventilation fans will be installed in the test room to expell
volatilized molinate and prevent its ir:rcduction into other test troughs;

4) A one-ton water chiller wili be nsed to coel the recirculating water
bath to 19 C;

5) The larvae will be fed brine shrimp nauplii once every eight hours
{3 times daily) to insure maximum g.owth;

6) The bgipe shrimp nsuplii w11 be better seperated from the cysts to
keep clogging of the test chambe¢rs and build-up im the rearing tanks to a
minimum; and

7) The larvae in the reariag facility will be exposed to both upwelling
and circular cufrents to improve air bladder inflatiom.

In addition to the above changes in testimg and rearing protocol,
analysis of macromolecular content (RNA, DNA, and protein) will be used in
addition to growth measurements to assess effects of the herbicides on
larval striped,bass. This procedure has successfully been used to detect
biochemical changes during toxicosis that precede reductions in growth of

larval fish exposed to various toxicants (Barion and Adelman 1984).
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Appendix C-1. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Tegt Series 5 - Molinate (48-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) _ 12,000, 11,000

STOCK SOLUTION FINAL CONC (MG/LITER) 11,000

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISE LENGTH (MM) _ 5.52 (.38)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(z) (vo) - (wo) (MG/LITER) (MG/LITER)
100 79 79 20
56 ‘ 72 33 13
32 T4 L 6.5 |
18 86 2 La2
10 70 0 2.6

CONTROL 8L 1 .31
1C50 (%) .
LC50 MOLINATE (MG/LITER) 10

LC50 THIQBENCARB (MG/LITER)

LC50 METHOD - PROBIT - MOVING AVERAGE)- NONLINEAR INTERPOLATION
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Appendix C-1. ACUTE TOXICITY TEST DATA fUMMARY

TEST No . Test Series 5 - Molinate (96-hr)

)

STOCK SOLUTION INITIAL COBC (MG/LITER) 12,002, 11,000

STOCK SOLUTION FINAL CONC (MG/LITER) 11,000

DILUTION OF TGXICANT 500

TEST SPECIES Striped bass

FISH LENGTE (M)  5.52 (.38)

FISH WEIGHT (G)

TEMPERATURE {C) 19
RESFOJSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) ' (NO) (HO) (MG/LITER) (MG/LITER)
100 75 79 20
56 72 72 S 13
32 T 20 6.5
18 86 10 L.2
10 70 7 2.6
CONTROL 8L - 1 . 31
LC50 (%)

O~
.
o~

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER)

LC50 METHCD - PROBIT —@OVING AVERAGE NONLINEAR INTERPOLATION
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Appendix C~1. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.Test Series 5 - Meolinate (144-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 12,000, 11,000
STOCK SOLUTION FINAL CONC (MG/LITER) 11,000
DILUTION OF TOXICANT 500
TEST SPECIES Striped bass
FISH LENGTE (MM)  5.52 (.38)
FISH WEIGHT (G)
TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARBE
(%) (¥0) (NO) {MG/LITER) (MG/LITER)
100 79 79 2¢
56 72 72 13
32 7L o 6.5
) }
18 86 17 L.2
10 70 16 2.6
CONTROL 8, - 5 .31
LC50 (%) g

LC50 MOLINATE (MG/LITER) 5.4 (4.9 5.9 )

LC5C THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT —(EOVING AVERAGE |- NONLINEAR INTEﬁPOLATION
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Appendix C-1. ACUTE TOXICITY TEST DATA S JMMARY

TEST No.Test Series 5 - Thiobencarb (48-hr)

STOCK SOLUTION INITIAL CONC {(MG/LITER) &1, 700
STOCK SOLUTION FINAL CONC (MG/LITER) 50
DILUTION OF TOXICANT 500

TEST SPECIES Strinped bass

FISH LENGTH (MM) 5.52 (.38)

FISH WEIGHT (G)

TEMPERATURE {(C) 19
RESPUVSE SUMMARY
CONCERTRATION EXPOSED RESPONDED MOLINATE TEIOBENCARB
(% {NO) {NO} (MG/LITER) (MG/LITER)
100 8L 79 1.2
56 SO 30 .72
32 86 5 .37
18 77 14 .19
10 73 2 .12
CONTROL 77 2 < .10
LCS0 (%) ‘ -
LC50 MOLINATE (MG/LITER)
LC50 THIOBENCARB (MG/LITER) .78

LC50 METHOD - PROBLT MOVING AVERAGE }- NONLINEAR INTERPOLATION
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Appendix C-1. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.Test Series 5 - Thiobencarb (96 hr)

STOCK SOLUTIGN INITIAL CONC (MG/LITER) 800, 700
s}ocx SOLUTION FINAL CONC (MG/LITER) 950
DILUTION CF TOXICANT 500

TEST SPECIES .  Striped bass

FISH LENGTH (MM) 5.52 (.38)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(7) (nvo) - (wo) (MG/LITER) (MG/LITER)
100 8L 8l 1.2
56 90 20 .72
37 86 10 .37
’ i
18 77 19 .19
10 73 L .12
CONTROL 77 6 < .10
LC50 (%) -

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) <35

LC50 METHOD - PROBIT —(&OVING AVERAQEJ— NONLINEAR INTERPOLATION
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-Appendix C-1. ACUTE TOXICITY TEST DATA ;UMMARY

TEST No, Test Series 5 - Thiobencarb (144-hr)

STOCK SOLUTION INITIAL CONC {(MG/LITER) 80C, 700
STOCK SOLUTION FINAL CONC (MG/LITER) 950
DILUTION OF TOXICANT 500 B

TEST SPECIES Striped bass

FISH LENGTH (M) 5,52 (.38)

FISH WEIGHT (G)

TEMPERATURE {(C) 16 i
RESPNSE SUMMARY
CCNCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (NO? {NO) {MG/LITER) (MG/LITER)
100 8L 8L 1.2
56 30 30 72
32 86 38 « 37
!
18 77 2L .19
10 73 11 ’ J12
CONTROL (R 9 <,10
LC50 (%) -

LCS50 MOLINATE (MG/LITER)

LC50 TEIOBENCARB (MG/LITER) .32 (.29-.35)

LC50 METROC - PROBIT -EﬁOVING AVERAGE jJ- NONLINEAR INTERPOLATION
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Appendix C-1. ACUTE TOXICITY TEST DATA SUMMARY

TEST No. Test Series 5 - Molinate and Thiobencarb Mixture (48-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 9,000, 750,600

STOCK SOLUTION FINAL CONC (MG/LITER) 8,900, 54O

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTHE (MM) _ 5.52 (.38)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXFPOSED RESPONDED MOLINATE THIOBENCARB
(%) (80) ~ (Wo) (MG/LITER) (MG/LITER)
100 - 65 6L 8.6 .83
56 L6 17 . 6,0 4G
32 78 5 3.1 o2
18 &7 1 2.1 .16
10 92 1 .79 .07
CONTROL 98 . 3 . < .16 < .10
LC50 (%) 55.65 -
LC50 MOLINATE (MG/LITER) 5.2
LC50 TEIOBENCARB (MG/LITER) L6

1C50 METHOD - PROBIT -|MOVING AVERAGE |- NCNLINEAR INTERPOLATION
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Appendix C-1. ACUTE TOXICITY TEST DATA S MMARY

TEST NO.Test Series 5 - Molinate and Thicbencarlh Mixture (96-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 9..200, 750,600
STOCK SOLUTION FINAL CONC (MG/LITER) 8.900, 540
DILUTION OF TOXICANT 500 i

TEST SPECIES Striped bass

FISH LENGTH (MM) 5.52 (.38)

FISH WEIGHT {G)

TEMPERATURE (C) 19
RESPGIWSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE TEIOBENCARR
(%) {(NO) (NO) (MG/LITER) (MG/LITER)
100 65 65 8.6 .83
56 L& L6 . 5.0 49
32 78 7 3.1 . 2L
18 67 1 2.0 16
10 g2 2 .79 .07
CONTROL 98 - 3 : < .16 < .10
LC50 (%) 39.8.L -
LC50 MOLINATE (MG/LITER) 3.8
LC50 THIOBENCARB (MG/LITER) =33

LC50 METHOD - PROBIT -{MOVING AVERAGE |~ NONLINEAR INTERPQLATION
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Appendix C-1. ACUTE TCXICITY TEST DATA SUMMARY

TEST NO. Test Sexies 5 - Molinate and Thiobencarb Mixture {144~hr)
STOCK SOLUTION INITIAL CONC (MG/LITER) 9,000, 750,600
STOCK SOLUTION FINAL CONC {MG/LITER) 8,900, 5L0
DILUTION OF TOXICANT 500
TEST SPECIES trived bass
FISH LENGTH (MM) 5.52 (.38)
FISH WEIGHT (G)
TEMPERATURE (C) 19
RESPONSE SUMMARY
COKNCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(% (N0) - (yO) (MG/LITER) (MG/LITER)
100 65 65 8.6 .83
56 L6 L6 . 6.0 49
32 78 36 3.1 . 2L
18 67 13 2.0 16
10 92 6 .79 07
CONTROL 98 . L : < .16 < ,10
LC50 (%) 26.6 i

LC50 MOLINATE (MG/LITER) 2.7 (2.4 =2.9 )

1.C50 THIOBENCARB (MG/LITER) .22 (.19-.24)

LC50 METHOD - PROBIT —{MOVING AVERAGE )- NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO, Test Series 6 - Molinate (48-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 14,000, 13,000
STOCK SOLUTION FINAL CONC (MG/LITER) G.600
DILUTION OF TOXICANT 500 _

TEST SPECIES Striped bass

FISH LENGTE (MM) _ L.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) i9
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
() (NO) (NO) (MG/LITER) (MG/LITER)
100 100 100 20
56 95 33 . 11
32 - 96 30 6.5 ;
18 100 19 3.8
10 96 25 2.6
CONTROL gg - 6 ' < .14
1C50 (2)
LC50 MOLINATE (MG/LITER) 9.8

LC50 THIOBENCARR (MG/LITER)

LC50 METHOD - PROBIT —~{MOVING AVERAGE y— NONLINEAR INTERPOLATION




Appendix C-2. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Test Serieg 6 - Molinate {96-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 14,000, 132,000
STOCK SOLUTION FINAL CONC (MG/LITER) 9,600
DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISE LENGTH Q) _ 4.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB |
(%) (NO) . (wo) (MG/LITER), (MG/LITER)
100 100 100 20
56 95 Q0 " 11
32 96 L6 6.5 _
18 100 35 3.8
10 96 35 2.6
CONTROL 88 19 : <. 1L
1650 ()
LC50 MOLINATE (MG/LITER) 6.1

LC50 TEIOBENCARB (MG/LITER)

LC50 METHOD ~ PROBIT -{MOVING AVERAGE \- NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA S MMARY

TEST NO. Test Series 6 - Molinate (144-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 14,000, 13,000
STOCK SOLUTION FINAL CONC (MG/LITER) 9,600
DILUTION OF TOXICANT 500 i

TEST SPECIES Striped bass

FISH LENGTH () 4.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) i9
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(% (N0) . (vo) (MG/LITER) (MG/LITER)
100 1C0 100 20
56 95 95 L 11
32 . 96 58 6.5 i
18 100 L6 3.8
10 96 L3 2.6
CONTROL 88 2 ‘ < .14
LC50 (%) i

LC50 MOLINATE (MG/LITER) _ 5,2 (4.8 —5.6 )

LC50 THIOBENCARR (MG/LITER)

LC50 METHOD - PROBIT -(MOVING AVERAGE » NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.Test Series 6 — Thiobencarb (48-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 850, 830

STOCK SOLUTION FINAL CONC (MG/LITER) 350

DILUTION OF TOXICART 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 4.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (NO) - (vo) {MG/LITER) (MG/LITER)
100 100 16 1.1
56 96 18 ; .63
3z 93 18 .39 )
18 85 16 .23
10 100 | 26 W13
CONTROL 90 - 17 < .1
1C50 (2) 3

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT — MOVING AVERAGE - NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Twer Serims 6 .— Thinhencarb {96-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 8,0, 830
STOCK SOLUTION FINAL CONC (MG/LITER) 350
DILUTION OF TOXICANT 500 B

TEST SPECIES Striped bass

FISH LENGTH (M) 4,95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPCNSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(Z) (xvO) - (NO) (MG/LITER) (MG/LITER)
100 100 - 87 1.1
56 g6 L1 ’ .63
32 93 27 .39 j
18 85 19 .23
10 100 - 40 .13
CONTROL 90 - 23 <.l
LC50 (7) -

LC50 MOLINATE (MG/LITER)

LC50 TEIOBENCARB {MG/LITER) .8

LC50 METHOD ~ PROBIT ~(MOVING AVERAGE)~ NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. 7eqt Series - Thiocbencarb (144-hr)

STOCK SOLUTIOR INITIAL CONC (MG/LITER) 850, 830
STOCK SOLUTION FINAL CONC (MG/LITER) 350
DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (M)  4.95 (.50)

FISH WEIGHT (@)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (NO) - (NO) (MG/LITER) (MG/LITER)
100 | 100 | 100 1.1
56 96 82 S ' .63
32 . 93 38 -39
18 85 29 .23
10 100 L2 .13
CONTROL 90 33 : | < .10
LC50 (%) -

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARE (MG/LITER) «55 (.52-.58)

LC50 METHOD - PROBIT -{MOVING AVERAGE)- NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA S JMMARY

TEST NO. Test Series 6 — Molinate and Thiobencarb Mixture (48-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) (10,500, 10,400)(710, 760)

STOCK SOLUTION FINAL CONC (MG/LITER) 7,100, 500

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (M)  4.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDFD MOLINATE THIOBENCARB
(Z) (NO) . (wo) (MG/LITER) (MG/LITER)
100 100 23 21 1.5
56 96 12 ) 10 o7L
32 98 ‘19 Sel <40 ;
18 102 20 3.6 .28
10 G0 1L .86 .07
CONTROL 83 1 - <.l < .l
LC50 (Z) . -

LC50 MOLINATE (MG/LITER)

1C50 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT — MOVING AVERAGE - NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Test Series 6 - Molinate and Thiobencarb Mixture (96-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) (10,500, 10,400) (710, 760)

STOCK SOLUTION FINAL CONC (MG/LITER) 7,100, 500

DILUTION OF TOXICANT 500

TEST SPECIES  Striped bass

FISH LENGTH (1) 4.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (wo) - (no) (MG/LITER) (MG/LITER)
100 100 100 21 1.5
56 g6 65 10 o Th
32 98 L5 5.4 40
18 102 L5 3.6 .28
10 90 29 .86 .07

CONTROL 83 26 _ < .1

LC50 (%) L0 .34 -

LC50 MOLINATE (MG/LITER) 7.6

LC50 THIOBENCARB (MG/LITER) .56

LC50 METHOD - PROBIT -{MOVING AVERAGE)- NONLINEAR INTERPOLATION
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Appendix C-2. ACUTE TOXICITY TEST DATA S UMMARY
|

TEST NO. Test Series 6 - Molinate aéd Thiobencaxb Mixture (144-hr)

STOCK SOLUTION INITIAL CONC (MG/LIT%R) (10,500, 10,400) (710,760)

STOCK SOLUTION FINAL CONC (MG/LITER? 7,1C0, 500

DILUTION OF TOXICANT 500 5

TEST SPECIES Striped bass

FISH LENGTH (MM) L.95 (.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED R?SPONDED MOLINATE THIOBENCARB
(%) . (NO) . (NO) (MG/LITER) (MG/LITER)
100 100 100 21 1.5
56 96 96 : 10 Th
32 98 67 - 5els 40
i
18 102 56 3.6 .28
10 90 .31 - .86 .07
CONTROL g3 ! 31 . < .12 <.l
j
LC50 (%) 25.8 -

LC50 MOLINATE (MG/LITER) L.4 (A.Of—h.s,)
LCS0 THIOBENCARB (MG/LITER) .33 (131—.37)

LC50 METHOD - PROBIT ~(MOVING AVERAGE )~ NONLINEAR INTERPOLATION
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Apperdx C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Tes Serie. 2 Molinate ﬁ48—hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) __ 14,000, 11,000
STOCK SOLUTION FINAL CONC (MG/LITER) _ 11,000
DILUTION OF TOXICANT 500 1

!
TEST SPECIES Striped bass ; ;

i
FISH LENGTH (M) 8.06 (.66)

{
FISH WEIGHT (G) i

TEMPERATURE (C) 19 !
S ‘
RESPONSE SUMMARY
i .
CONCENTRATION EXPOSED ' RESPONDED MOLINATE THIOBENCARB
(%) {nNO) ‘ (NO) (MG/LITER) (MG/LITER)
H :
100 51 50 20
56 5 | 25 ‘ 13.2
32 50 | 3 8.94
)
18 50 : 3 5.4
j .
10 50 | 3 3.6
CONTROL L9 : o . <.29
§ ;
! .
LC50 (%) ~ :
LC50 MOLINATE (MG/LITER) 13 5

LC50 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT ~(MOVING AVERAGE )— NONLINEAR INTERPOILATION
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Apperix C-3. ACUTE TOXICITY TEST DATA SJMMARY

TEST NO.Test Series 7 - Molinate {(96-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 14,000, 11,000

STOCK SOLUTION FINAL CONC (MG/LITER) 11,000

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 8,06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
%) (NO) - (NO) (MG/LITER) (MG/LITER)
100 51 ‘ 51 20
56 5L Iy " 13
32 50 15 8.9
H
i8 50 2. 0] 5.4
10 50 9 3.6
CONTROL L9 0 : < .29
LC50 () i
LC50 MOLINATE (MG/LITER) 7.9

1.C50 THIOBENCARB (MG/LITER)

LC50 METHOD ~ PROBIT MOVING AVERAGE )~ NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. gog gexies 3~ Molinate (144-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 14,000, 11,000
STOCK SOLUTION FINAL CONC (MG/LITER) 11,000
DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 8.06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (NO) - (wo) (MG/LITER) (MG/LITER)
100 51 51 20
56 5k 54 Y i3
32 50 17 8.9 }
18 50 26 S
10 50 30 3.h
CONTROL L9 - 1 . < .29
LC50 (2) i

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT — MOVING AVERAGE - NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA {UMMARY

TEST NO. Test Series 7 - Thionencarb (48-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 790, 690
STOCK SOLUTION FINAL CONC (MG/LITER) _ 530
DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 8.06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(z (¥o) - (NO) (MG/LITER) (MG/LITER)
100 50 15 1.3
56 50 3 <75
32 L6 3 45
18 51 0 <27 |
10 49 1 .20
CONTROL 52 . 2 < .10
LCS0 (7) -

LC50 MOLINATE {(MG/LITER)

LCS0 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT - MOVING AVERAGE - NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.Test Series 7 - Thiobencarb (96-hr)

STOCK SOLUTION INITTAL CONC (MG/LITER) 790, 690
STOCK SOLUTICON FINAL CONC (MG/LITER) 530
DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTE (MM) 8.06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(z) (NO) - (NO) (MG/LITER) (MG/LITER)
100 50 50 1.3
56 50 22 75
32 L6 8 L5 ,
18 51 3 <27
10 L9 5 «20
. CONTROL 52 L < .10
LC50 (7) -

1.C50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) &7

LC50 METHOD - PROBIT —(MOVING AVERAGE )- NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TestSeries 7 - Thiobencarb (144-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) 790, 690

STOCK SOLUTION FINAL CONC (MG/LITER) 530

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 8.06 (.66)

FISE WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(% (N0} - (NO) (MG/LITER) (MG/LITER)
100 50 . 50 1.3
56 50 L6 75
32 . L6 26 L5
18 51 10 27
10 L9 16 .20
CONTROL 52 . 9 < .10
LCS0 (%) ]

LCS50 MOLINATE (MG/LITER)

LC50 THIOBENCARE (MG/LITER) _ .46 (L41-,52)

LC50 METKOD - PROBIT —{MOVING AVERAGE )- NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Test Series 7 - Mclinate and Thiobencarb Mixture (48-hr)

STOCK SOLUTION INITIAL coONC (MG/LITER) (11,000, 8&,700) (530,630)

STOCK SOLUTION FINAL CONC (MG/LITER) 8,000, 520

DILUTION OF TOXICANT 500

TEST SPECIES  Striped bass

FISH LENGTH (M) 8.06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIQBENCARR
(%) (NO) - (NO) (MG/LITER) (MG/LITER)
100 50 L2 1, 1.1
56 50 28 . 8.0 .60
32 L9 5 3.8 30
18 L7 1 2.6 .19
10 50 2 49 <.10
CONTROL Lo 0 : < .15 <.10
1.c50 (%) 55.6
LC50 MOLINATE (MG/LITER) 7.7
1LC50 THIOBENCARB (MG/LITER) .6

LC50 METHOD - PROBIT -{MOVING AVERAGE )- NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST No. Test Series 7 - Molinate and Thiobencarb Mixture (96-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) (11,000, 8,700) (530, 630)

STOCK SOLUTION FINAL CONC (MG/LITER) 8,000, 520

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 8,06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19 _
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARE
(%) (NO) - (v0O) (MG/LITER) (MG/LITER)
" 100 50 50 1L 1.1
56 50 50 . 8.0 .6
32 L9 26 3.8 .3
i
18 L7 10 2.6 .19
10 50 2 -l+9 \/nl
CONTROL L9 : 2 . <.l5 < .1
LC50 (%) 2L 9L
LC50 MOLINATE (MG/LITER) 3.1
1LC50 TEIOBENCARB (MG/LITER) -2

1LC50 METHOD - PROBIT -{MOVING AVERAGE }- NONLINEAR INTERPOLATION
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Appendix C-3. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Test Series 7 - Molinate and Thiobencarb Mixture {(144-hr)

STOCK SOLUTION INITIAL CONC (MG/LITER) (11,000, &,700) (530, 630)

STOCK SOLUTION FINAL CONC (MG/LITER) 8,000, 520

DILUTION OF TOXICANT 500

TEST SPECIES triped bass

FISH LENGTH (MM) 8,06 (.66)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(7) (NO) - (wO) (MG/LITER) (MG/LITER)
100 50 _ 50 1 1.1
56 50 50 y 8.0 .60
32 L9 45 3.8 30
18 L7 Al 2.6 .19
10 50 5 W49 <.l
CONTROL L9 2 ~ < .15 <.l
LC50 (%) 13.9 /

1650 MOLINATE (MG/LITER) 1.4 (1.2-1.7)

LC50 THIOBENCARB (MG/LITER) .11 (.09-.13)

LC50 METHOD — PROBIT —<ﬁOVING AVERAGi)— NONLINEAR INTERPOLATION

-100-



Appendix D-1. ACUTE TOXICITY TEST DATA ¢UMMARY

TEST NO. Test Series 8 - Molinate (2l-day)

STOCK SOLUTION INITIAL CONC (MG/LITER) 530, 50, 510, 540, 540

STOCK SOLUTION FINAL CONC (MG/LITER) 570

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 17.24 (1.35)

FISH WEIGHT (G)

TEMPERATURE (C) i3
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
) - (N0) ~ (xo) (MG/LITER) (MG/LITER)
100 9L 33 . 80
56 93 19 LS
32 | 102 16 .28
18 98 3 .20
10 95 .17 .16
CONTROL - 99 : L7 _ <.13
Lc50 (%) o

LC50 MOLINATE (MG/LITER)

LCS0 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT —(MOVING AVERAGE }- NONLINEAR INTERPOLATION
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Appendix D-1. ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. Test Series 8 -Thicbencarb (21-day)

STOCK SOLUTION INITIAL CONC (MG/LITER) 36, 33, 39, 33, 32

STOCK SOLUTION FINAL CONC (MG/LITER) 31

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 20.07 (1.50)

FISH WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (¥0) - (wo) (MG/LITER) (MG/LITER)
100 50 10 .074
56 L1 1 g .041
32 . LE A 022
18 53 15 .015
10 50 L .010
CONTROL | 22 7 : £ -o01
Lc50 (2D ’

1C50 MOLINATE (MG/LITER)

1LC50 THIQBENCARB (MG/LITER)

LC50 METHOD - PROBIT - MOVING AVERAGE - NONLINEAR INTERPOLATION
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Appendix D-1. ACUTE TOXICITY TEST DATA fUMMARY

TEST NO. Test Series.g.— Molinate and Thiobencarb Mixture (21-day)

STOCK SOLUTION INITIAL CONC (MG/LITER)

STOCK SOLUTION FINAL CONC (MG/LITER) LOC, 23

DILUTION OF TOXICANT 500

TEST SPECIES Striped bass

FISH LENGTH (MM) 19.38 (1.6)

FISH WEIGHT (G)

TEMPERATURE {(C) 19 _
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (RO) (R0) (MG/LITER) (MG/LITER)
100 %0 15 .68 OL6
56 a7 11 ‘ L3 , .020
32 91 16 20 .009
. ’ ]
18 ' 91 17 .20 .006
10. 63 13 .18 .003
CONTROL L3 _ 6 . .08 < ,002
L.C50 (%)

1LC50 MOLINATE (MG/LITER)

1LC50 THIOBENCARB (MG/LITER)

LC50 METHOD - PROBIT —(MOVING AVERAGE)- NONLINEAR INTERPOLATION
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Appendix E. Recommended Culture and Testing Protocols

Larval Culture

The rearing system will comsist of three (320 liter) circular tanks
with biological filters. The tanks will be equipped with moveable jets so
that the water returning from the biological filters can be directed in
either an upwelliné or a circular current. The larvae will be kept in an
upwelling current until they are 12 days old. The current will then be
redirected to a circular motiom.

The temperature and salinity will be the same as last year (19 C and 5
o/oo respectively). Temperature, pH, salinity, ammonia, and dissolved
oxygen will be monitored daily. The biological filters will be activated
(at 25 C) two weeks prior to larval indroductions. Ammonia (NH4CL)-wi11 be
added at a concentratiom of 1 to 3 mg/liter alonmg with an inoctlagion of

pure culture bacteria (Nitrosomonas and Nitrobacter) to activate the

-

biological filters.

Each tank will contain larvae from ome family (spawn). Hatching and'
rearing success will be monitored by determining the pumber of embryos
(volumetrically)-put into the McDonald jar and couﬁting the number of larvae
used in testing and surviving to metamorphosis.

The larvae will be fed brine shrimp mauplii at a demsity of 5,000 per

liter three times daily for the first eleven days after hatch. The larvae

-

-104-



will be trained to eat commercial feed according to the feeding schedule
(Tabie E-1). The feeding density can be reduced when the fish are capable
of searching out food at 12 days after hatch. Larvae from each family will
be measured and the RNA/DNA (macronuclear’ content determined at &4, 7, 12,
24, 48, and 60 days after hatch.

Toxicity Tests

Acute (6-day) toxicity tests will be conducted on the following
life-history stages: 1) Pre-hatch (erbryo), 2) 7-day old larvae, and 3)
24-day old larvae. Chronic toxicit' tests (50 to 60 days) will Ee conducted
starting with eﬁbryos and continuipg through to metamorphosis. The
toxicants molinmate, thiobencarb, apd a mixture of the two herbicides will be
exposed to the striped bass using proportional diluters.

Embryos (16 to 12 hr.pre-hatch) will be obtained from the Central
Valley hatchery and transported to the Nimbus facility by automobile.
Embryos to be used in toxicity tests will be transfered to test vessels
using small plastic cups. Embryos not being used in toxicity tests will be
placed imn ﬁacDonald hatching jars in the rearing‘system. These embryos vill
be hatched and reared for testing later life-history stages.

Toxicity tests will be conducted in test chamﬁers with glass sides, a
500 um polypropyleme screen bottom, and air l1ifts. There will be one or two
test chambers placed in each aquarium with larvae demsity of 25 per liter
(embryos and prolarvae) or 12 per liter (postlarvae). The test temperature

will be maintained at 19 C by the constant temperature water baths. The

water bath temperature will be maintained to within + 0.5 C by a water
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chiller and submersible heaters, and the temperature will be continuously
recorded on a strip chart recorder. Salinity of the dilution water will be
maintained at 20/oo by monitoring conductivity and adjusting salt injection
daily. Dissolved oxygen will be monitored daily and ammonia will be
monitored at least twice weekly in the test chambers. Toxicant
concentrations will be checked analytically twice during the acute toxicity
tests and once a week during the chromic toxicity tests in each test
aquarium.

The test fish will be fed brine shrimp nauplii when they are two days
old. Each test chamber will be fed at a rate of 5,000 nauplii/liter three
to four times per day. The larvae will be fed by hand, using a calibrated
cup. The test chambers will be cleaned of cysts and other debris daily.

Mortality will be recorded twice daily during the acute and chronic
toxicity tests. Median lethal concentratioms (LCS50 valves) will be
calculated using the mortality data. Length measurements will be made at
the termination of each acute and chronic toxicity test on twenty fish or
all living'fish remaining in each concentration. Test fish samples will
also be taken and analyzed for RNA/DNA content as another method of
assessing growth. No observable effect levels wili be determined using
survival and sublethal (growth) data derived from the chronic toxicity

tests.
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'abie E-1. Feeding schedule for larval striped bas:.

Age of Fish (days) Food Typea/
3-11 live: brine shrimp nauplii
12 - 17 puiverized Tetramin and brine shrimp
nauplii
18 -~ 22 pulverized Tetramin, pulverized trout

starter and live brinme shrimp nauplii
23 - 30 pulverized trout starter, trout starter

and live brine shrimp nauplii

31 - 35 . trout starter
36 - 40 trout starter and 2/64 salmon feed
41 - 45 ' 2/64 salmon feed

al/

2/ (Combination diets mixed in equal proportions.
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CONCLUSICNS
The l44-hr LC50 values of molinate for 6-das and 13-day old striped
bass were 2.1 and 8.8, respectively.
The 96~hr LC50 values of thiobencarb f:r 6-day and 13-day old striped
bass were 0.28 and 0.51 mg/liter, respectively.
The l44-hr LC50 values of molinate :nd thiobencarb in mixtures for
é—day and 45-day old striped bass were 2.5 mg/liter molinate a#d 0.16
mg/liter thiobencarb and 6.6 mg/liter molinate and 0.58 mg/liter
thiobencarb, respectively.
Generally, the acute toxicity of the rice herbicides to striped bass
increased with increased exp:sure time (48 to 144 hr) and decreased
with increased age (6 to 45-izy old) of fish.
An equitcxic mixture of mol’nate and thiobencarb had additive toxic
effects on 13-day old strip~d bass larvae.
The chronic (31-day) tests on molinate and thiobencarb with 45~day
old fish failed to show effects at levels below those causing effects
with 6-day old fish.
Stress on larvae caused by handling and water supersaturated with gas
probably contributed to the relatively poor survival of control
groups.
In acute tests with rice herbicides, survival of larvae was as

sensitive an indicator of toxic stress as was growth .
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. RECOMMENDATIONS
Early life-history stage (6-day old larvae) chronic tests (40-day) on
rice herbicides should be conducted in 1986.
As a quality control measure for rice herbicide test concentrations,
5 to 10% of the water samples should be taken in duplicate and
analyzed for molinate and thiobencarb concentrations.
As a quality assurance measure for rice herbicide test
concentrations: 5 to 10%Z of the water samples should be taken in
duplicate and analyzed for meolinate and thiobencarb concentrations by
a cooperating laboratory.
Survival of larvae in the rearing system can be improved by using
upwelling currents for the first 6 to 8 days after hatch and keeping
the gas content of the water below saturation.
Handling stress and subsequent mortality of control groups can be
reduced by anesthetizing the larvae with NaCl or MS-222 prior to
moving them from the rearing system to the test tanks.
Stripping the dilution water of supersaturated gas, aerating the
larvae to keep them suspended in the test chambers, and darkening the
test chambers to reduce positive phototaxis of larvae should be
investigated for decreasing stress and improving survival of larvae
in the test system.
Contamination of control group aquaria with volatile molinate should

-

be reduced further by covering the aquaria.
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INTRODUCTION

Identification of Problem

The purpose of this study is to develop toxicological data which will
facilitate the development of water quality ¢riteria that will protect fish
and other aquatic organisms from the advers:z effects of the herbicides
Ordram (molinate) and Bolero (thiobencarb). Ordram and Bolerc have been
detected in the Sacramento River from Knight's Landing downstream to Rio
Vista (Cornacchia etval. 1984; Californiz Department of Food and
Agriculture [CDFA] 1984;1985). The heroicides are discharged from rice
fields into agricultural drains, and saibsequently, into the striped bass,

Morone saxatilis, spawning and nursery areas of the Sacramento River

(Farley 1966; Turner 1976). The harbicides are present annually in the
Sacramento River from May through .une (Finlayson and Lew 1983a; 1983b;
1984; 1985).

Previous studies have defined the acute and chronic toxicities of
molinate and thiobencarb to juvenile resident and anadromous fishes
(Finlayson and Faggella 1984a). Ordram use has been responsible for large
fish kills in agricultural drains (Finlayson and Lew 1983b), and Bolero use
is believed responsible for other adverse effects on water quality
{Cornacchia et al. 1984). The acute effects of herbicides on survival and
development of striped bass embryos and larvae in the Sacramento River were
unknown until recently. In September 1983, California Department of Fish
and Game (CDFG) began a three-ye€ar study to determine the toxic effects of

rice pesticides from agricultural drain water on striped bass. The studies



which were completed in 1984 have been previously reported (Finlayson and

Faggella 1984b). This report summarizes the studies completed in 1985.

Scope of Study

The objectives of this study are as follows:

1) Determine the acute and chronic toxicities of rice pesticides in
Sacramentc River and agricultural drain water to embryonic and
larval striped bass;

2) Characteri;; the exposure of striped bass eggs and larvae to rice
pesticides in the Sacramentoc River;

3) Integrate monitoring and toxicity information into a risk
assessment model for predicting the impacts of agricultural
return water with varying concentrations of rice pesticides on
the striped bass fishery; and

43 Recommend appropriate corrective actions to the CDFA for

implementation.

Tasks Completed in 1984

Between October 1983 and December 1984, the following tasks were
completed relative to the study's overall objectives:
1) Monitcored herbicide concentrations in the Sacramento River and
associated agricultural drains during 1984 rice growing season
and prepared a report on the findings (Finlayson and Lew 1984);
2) Developed prototype testing and culturing protocols and

facilities for early life-history stages of striped bass; and



3) Determined the sensitivities of striped bass prolarvae and larvae
to the rice herbicides by conducting 24 acute and chronic tests
and prepared a progress report on the findings (Finlayson and
Faggella 1984b).

The design and construction of prototipe culture and testing
facilities were completed during the winte: of 1984. The striped bass
larvae were maintained in a recirculating system at the CDFG Fish Disease
Laboratory and, the ;ontinuous-flow toxicity tests were conducted in the
CDFG Mobile Bioassay Laboratory, both udjacent to Nimbus Hatchery on the
American River. Acute and chronic tests on molinate, thicbencarb, and a
mixture of thé two herbicides with striped bass embryos and larvae were

conducted between May 1 and June 3G, 1984,

Tasks Completed in 1985

Between January and December 1985 the following tasks were completed

relative to the study's overall objectives:

1) Constructed a glass and solenoid valve type diluter to replace
the flow meter type diluter used in 1984 tests for better:
toxicant delivery;

2) Installed airlifts in the test chambers for aeration and water
circulation and exchange;

3) Installed an oil-less air compressor, two-stage regﬁlator, and
PVC pipe delivery system for the test chamber airlifts;

4) Constructed 36 new gldss and polypropylene screen test chambers

for increased testing capacity;



5)

6)

7

8)

9)

10)

11)

Installed a water chiller in the recirculating water bath system
for better temperature control;

Modified the saltwater injection system for better control of
dilution water salinity;

Installed ventilation fans to remove volatilized herbicides from
the bioassay room before contaminating test aquaria;

Modified the striped bass rearing system to allow for using
either cir;ular or up-welling currents, and increased the holding
capacity to allow for keeping up to three families concurrently;
Enlarged brine shrimp rearing capacity for increased food supply
of larval fish;

Conducted 27 acute and chronic toxicity tests on molinate,
thiobencarb, and 2 mixture of the two herbicides with striped
bass embryos, larvae, and fry; and

Monitored rice herbicide concentrations in the Sacramento River
and associated agricultural drains during 1985 rice growing
season and prepared a report on the findings (Finlayson and Lew

1985).



METHODS AND MATERIALS

Study Schedule

The modifications of the testing and rearing facilities began in
January and were completed by April 1985.

Toxicity tests with embryonic and larval striped bass began on
April 27 and were completed by July 22, 16F5, Twenty-four acute toxicity
tests (8 tests series) and three chronic coxicity tests (1 test series)
were attempted durin; this three month pariod (Table 1). All test

erganisms came from four spawns (familijes) of striped bass.

Culture System

Striped bass embryos (12 to 16 hours prehatch) were obtained from the
CDFG Central Valley Fish Hatchery éCVFH) located near Elk Grove,
California. The embryos were placed in plastic bags and transported inside
a styrofoam ice chest to the Nimbus testing and rearing facility. Upon
arrival at the Nimbus facility, some of the embryos were subjected to the
herbicides in tests. Those embryos not used in the toxicity tests were
hatched in modified plexiglass MacDonald hatching jars described By
Finlayson and Faggella (1984b).

The hatching jars were placed in rearing tanks with one striped bass
family per tank. The rearing system consisted of three 400-liter circular
fiberglasé tanks with the water volumes adjusted to approximately 200
liters. Initial loading of striped bass in tanks did not exceed 30
prolarvae per liter of water. The tanks were interconne;ted to biological

filters made of two 1l4-liter plastic garbage cans (Figure 1). Aquarium



(45~-day post-hatch)

Table 1. Schedule of acute and chronic tests with melinate (M) and
thiobencarb (T) on striped bass embryos,larvae, and fry.
Begin Test Developmental Test
Date Series Spawn Stage Duration Comments
4-27-85 1 1 Embryonic -— Void, >50% mortality
(12-hr pre-hatch) in controls
5-9-85 2 2 Embryonic - Void, >50% mortality
(12-hr pre-hatch) in controls
5-10-85 3 3 Embryonic - Void, 250% mortality
(12-hr pre-hatch) in controls
5-23-85 4 3 Postlarval 144 hr Success with M & T
(13~day post-hatch) tests, {507 mortality
in highest MT treat-
ment
5-31-85 5 4 Postlarval 144 hr Success with ¥ test,
' (6-day post-hatch) 25% mortality in T
test controls, € 75%
mortality in highest
MT test treatment
6-7-85 6 4 Postlarval 144 hr Success with single
(13-day post-hatch) MT test
6-7-85 7 3 Postlarval 144 hr Data questioneble,
(28-day post-hatch) {50% mortality in
all tests
6-21-85 38 3 Fry 144 hr >25% mortalitv in
(45-day post-hatch) M & T tests, MT test
success
6-21-85 9 3 Fry 31 day MT mix test void,

»50% mortality in
controls, success
with M & T tests
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gravel (30 to 35 cm deep) was used as a substrate for bacterial growth in
the filters. Water flcowed by gravity out of each rearing tank through a
500-um mesh polypropylene screen into a central drain; through the
bioclogical filters, and then into a central reservoir. The water in the
reservoir was maintained at 20° C using a Frigid Unit model D1-100 1/2-ton
refrigeration unit. The cooled water was then recirculated to the circular
rearing tanks with March@Dmodel AC3CMD impellor pumps. Water flowed into
the tanks as either ;pwelling or circular currents.

Water temperature, salinity, dissolved oxygen, and ammonia in the
rearing system were measured daily. The biological filters were
backflushed and approximately 10%Z of the water was replaced daily.

Salinity of the water was maintained at 2 to 5 o/co using Marine
Environment artificial sea salts.

Beginning at 4 days after hatch, the striped bass larvae were fed
brine shrimp nauplii. Automatic feeders {Figure 2) suspended over the
rearing tanks dispensed live brine shrimp nauplii to the larval striped
bass every three hours. The feeders were controlled by sclenoid valves
operated by repeat-cycle timers. Each feeder was calibrated to dispense
approximately 400 ml of nauplii to the rearing tank which resulted in a
densi;y of approximately 200 nauplii per liter of tank water, eight times
per day.

The nauplii were cultured in bottomless inverted one-gallon plastic
bottles. Salinity of the culture media was adjusted to 35 o/oo with sodium

chloride, and 30 ml of Argené:)artemia cysts (from China) were added per
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gallon of culture media; this resulted in a density of 500.000 nauplii per
iiter. The nauplii were separated from the shells and unhatched cysts
using a device (Figure 3) similar to that described by Lewis and Heidinger
(1981). At about three weeks after hatch, the diets of larvae were
supplemented with szlmon and trout starter feed at 5% of their estimated
weight per day.

Testing System

-

The toxicity tests were conducted in the bioassay trailer (Figure 4)
previously described by Finlayson and Faggella (1984b}. Three tests were
run concurrently; molinate, thiobencarb, and an equitoxic mixture of the
two herbicides. Five concentrations of herbicides and a control were
supplied to replicate aquaria (12 aquaria total) in each test using
solenoid valve proportional diluters. The flow rate through the 15-1iter
aquaria was 4 liters per hour. The photoperiod was 14-hour light (0500 to
1900 hrs) and 10-hour dark and was provided by automatically controlled
overhead fluorescent lights. Two overhead wventilation fans with a total
discharge capacity of 2,000 cfm kept molinate and thiobencarb vapors in the
1,200-cf biocassay room to a minimum.

Dilution water used for the tests came from the American River.

Native quality of the American River water during the tests Qas pH of 7.1,
alkalinity of 20 mg/liter CaCO,, temperature of 14 to 17° C, conductivity
of 50 uS, and dissolvea oxygen at 90%Z or greater of saturation. The
dilution water was heated to £8 + 10 C with a stainless steel water heater.

Salinity of the dilution water was adjusted to 2 + 1 o/oo by injecting

16
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artificial sea water (35 o/oo) with a MarcéEAmodel AC3CMD impellor pump
(Figure 5). The quality of the heated saline dilution water was
automatically measured hourly for temperature, cenductivity, dissolved
oxygen, and pH using a Montedoro-Whitne;E)moﬂel WQM-1 water quality
monitor. Additional water temperature control in the aquaria was provided
by a recirculating water bath. The temperature of the recirculating water
‘bath was maintained at 20° C by either heating with Cole—Parme:Gunartz
imersion heaters or ;ooling with an EdwardsGDmodel CCl one-ton water
chiller. Water temperatures in the water bath and aquaria were cantinuélly

®

measured on a Cole-Parmer- two-channei script chart recorder.

The embryonic and larval striped bass were exposed in 600-ml glass
beakers (Figure 6) and ome-liter {13 x 13 x 13-cm) plate glass and
polypropylene screen test chambers (Figure 7)., respectively. For the tests
with embryonic striped bass, the toxicant delivery tubes from the diluters
were placed in the bottom of the beakers to provide an upwelling current,
apd the water flow from the diluters was adjusted so that the embryos were
kept suspended but not washed out of the beakers. The newly hatched
prolarvae flowed out of the beakers into the test chambers. For the tests
with larvae, test chambers had airlifts which provided for an exchange of
test water between chambers and aquaria and helped keep the larvae
suspended. A DaytoéE)model 42706 oil-less air compressor with a 76-liter
storage tank supplied air to the test chambers through two—stage

regulators, PVC manifolds, and valves.
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Testing Methods

Six—day (l44-hr) continuous—flow acute tests ere conducted on
embryonic and larval striped bass and 31l-day continuous=—flow chronic tests
were conducted on striped bass fry using stardard practices (American
Society for Testing and Materials 1980). Tne stocking density was 25
striped bass embryos per beaker with one beaker per aquaria (50 embryos per
concentration). The stocking density was 20 striped bass larvae or fry per
test chamber with oné charber per aquaria (40 fish per concentration).

The fish were fed brine shrimp navplii at a demsity of 5,000 nauplii
per liter, three times daily during thz tests. Dead larvae were recorded
and removed daily. A fish was considered dead if it did not responc to
external stimuli or had turned opaque. At the termination of the acute and
chronic tests, all remaining fish viere measured (standard length) using
methods previously described by Finlayson and Faggella (1984b). Some of
the fish were fixed in Bouin's solution for later histological examination.w
Other fish (5 per aquaria) were irmediately frozen in deionized water for
later RNA and DNA analyses usinz the methods of Barron and Adelman (1984).

Toxicants and Delivery Systems

Molinate and thiobencarb stock solutions were prepared from Ordram 82ZC
and Bolero 8EC ccmmercial herbicide formulaticns {containing 90.3 and 85.4%

active ingredient, respectively) by sonicating them in deionized water. A

Heat Systems-Ultrasonics ~ model W=-37C Cell used for

43
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sonication. The sclutions were made up in l2-liter quantities znd stored

in 20-liter glass jars with lids; 12 liters was sufficient quantity for a

17



6—day acute toxicity test. New sclutions were prepared weekly during the
31-day chronic tests. The solutions were delivered to the proportional
diluters through silicone tubing using Gilsonéymodel HP1 Minipuls
peristalric pumps. The solutions were checked analytically for molinate
and thiobencarb content at the beginning and end of use.

Toxicant Monitoring

Water samples for confirmation of molinate and thiobencarb test
concentrations were éollected by dipping chemically clean 250-ml amber
glass bottles into the aquaria. The bottles were filled to the top and
sezled with teflon-lined caps. The samples were stored in a refrigerator
at 4° C until analyzed. Water samples were taken from all the aquaria two
times during the 6-day acute tests at 24 and 120-hour intervals and twice a
week during the 31-day chronic tests. The samples were analyzed at the
CDFG Water Pollution Control Laboratory.

Chemistry

Water samples were extracted with the Bakegcllo Solid Phase Extraction
C-8 disposable columns. The Baker—-10 columns were pre-~conditioned with
‘2 rl of methancl followed by 2 ml of deionized water. Water samples were
passed through the columns at a rate of 5 ml per minute. The herbicides
were eluted from the columns with two 2-ml aliquots of ethyl acetate. The
extracts were transferred to a 10-ml graduated tube and adjusted to a

desirable volume for analysis by gas chromé;ography. The instrumental

-
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conditions of the Varian—Aérograpﬁ:)model 3700 gas chromatograph used for
the analysis were follows:

Column: DC-200, Length: 183 cm, I.D.: 2 mm

Detector Temperature: 290° ¢

Injector Temperature: 210° C

Column Temperature: 192° C for thiobencarb

180° C for molinate

Carrier Flow: 50 ml/min

Carrier Gas: NZ

Detector: TSD

Detection Limits: 1 ug/liter for both molinate and thiobencarb

Data Analysis

Survival data of striped bass from the acute and chronic tests were
analyzed by the binomial chi-square test for data arranged in two groups
(Cochran and Cox 1968). Median lethal concentration (LC50) values were not
calculated if mortality of the control group was >257%. Abbot's correction
factor was used to adjust for mortality in treatment groups in the LCS50
value calculations when control group mortality was >10% and <23%

Mc(a) = 1 - Sx/Sc
where Mx(a) is adjusted mortality in concentratiom x, Sx is survival in
concentration x, and Sc is survival in controls (Finley 1971). The Mx(a)
was used to célculate the adjusted number dead in concentration x

Dxfa) = Mx(a)*Ex

19



where Dx(a) is the adjusted number dead in concentration x and Ex is the
number exposed in concentration X.

The LC50 values were determined using either moving average method
when >1 toxicant concentrations had partial mortality {between 0 and 100%
mortality) or nonlinear interpolation method when no toxicant concentration
had partial mortality (Stephan 1977). Exact (95%) confidence intervals
were calculated using Fullers Theorem (moving average), or conservative
(>95%) confidence intervals were calculated using binomial probabilities
(nonlinear interpolation) according to methods given by Stephan (1977),

In herbicide mixture tests, molinate and thiobencarb concentrations at
the LC50 level were interpolated from least squares regression (solution
concentration versus herbicide concentration). To determine the type of
toxic interaction of molinate and thiobencarb in mixtures, toxicities of
the herbicides in mixtures were expressed as toxic units and summed (Lloyd
1961; Brown 1968):

(Mm/Mi) + (Tw/Ti) = 8
where M is molinate, T is thiobencarb, i is LC50 of individual herbicide
tested separately, and m is the concentration cof the individual herbicide
at the mixture LC50 value. Additive indexes (AI) were calculated by
adjusting for asymmetry of S and substituting 957 confidence intervals for
the LC50 values and establishing a test range (Marking 1977) as follows:

If S >1.0 then AI

H

=S + 1.0;

If S <¥.0 then Al 1/s -1.0.

This index is symmetrical about AI = O (additivity); positive values

20



indicate synergism, negative values antagonism. Tha2 theoretical range of
completely (simple) additive toxicity (AI = 0) for the herbicide mixture
tests were estimated by adjusting the herbicide m'xture LC50 values to
§ = 1,0, substituting the adjusted 95% confidence intervals into the two AI
equations and establishing an additive ranga (Finlayson and Verrue 1982).
To determine the type of interaction, the two ranges were compared as
follows: if the test range bréadly (>50%) overlapped the additive range
then additive toxiciéy; if most of the test range (>50%) was below the
additive range then antagonistic toxici:ty; andsif most of the test range
{>50%) was above the additive range t}en_SYAQ;gistic toxicity. |

Length measurements of larvae from control and treatment groups were
compared in the acute and chronic tiests. Significant differences between
the control and treatment groups wr-re determined by the Kruskal-Wallis test

with Dunn's multiple comparison p:ocedure (Daniel 1978).
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RESULTS

Culture System

There was poor survival in the rearing system this year. Only one
family (Spawn 3) lived for longer than 14 days after hatch. The poor
survival in the rearing system was attributed, in part, to over—inflated
gas bladders (gas bubble disease) caused by water supersaturated with gas.
The circulation impellor of the refrigeration unit was forcing air inte
sclution. The gas bﬁbble disease disappeared once the impellor was
detached. Growth of families from Spawns 3 and 4 were comparable to that
reported by Finlayson and Faggella (1984b) and by Eldridge et al. (1981)
(Figure 8).

Water Quality and Toxicant Stability

The culture system had a mean water temperature of 18.7° ¢, salinity
of 3.7 o/oco, dissolved oxygen of 8.2 mg/liter, and total ammonia of 0.08
mg/liter. The means were based on daily measurements which are summarized
in Appendix A.

The mean salinities of the dilution water for the acute toxicity tests
were 1.6 o/oo (Test Series 6 & 7) and 2.5 o/oo (Test Series 8). The mean
salinity of the dilution water for the chronic toxicity tests was 2.7 o/oo
(Table 2). The daily means for the acute and chronic tests are summarized
in Appendices B and C, respectively.

The mean temperatures of the dilution .water for the acute toxicity
tests ranged from.18.9 to 19.§° C, and the mean temperature of the dilution

water for the chronic toxicity test was 20.1° C (Table 2). The mean
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Table 2.4,:ﬂean qﬁalityrof Hilutioﬁ water by test series after heating and
salt adjustment. :

Salinity Temperature
Test Series N Date {o/00) (¢ C) pH
- N - -
6-7-85 ' /
6 &7 162 6-13-85  1.6+0.9% 18.9+0.9  6.98+0.34
| 6-26-85 . N
8 - 192 7-2-85  2.5+1.4 19.9+1.6 7.09+0.43
. , 6-26-85 _ : : . L
9 567 7-19-85 2.7+0.7 20.1+0.5 7.08+0.25

a/

= Mean i.standard error
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temperature in the test aquaria for both acute and ~hronic tests was

20.2° C + 0.86 (mean * S.E.). The daily mean temperatures for the dilution
water of the individual acute and chronic toxicity tests are summarized in

Appendices B and C, respectively. The daily mean temperatures in the test

aquaria are summarized in Appendix D.

The mean pH for the dilution water by test ranged from 6.98 to 7.09
(Table 2). The daily mean pH for the acvce and chronic tests are
summarized in Appendicies B and C, respectively. Dissolved oxygen in the
test aquaria was at saturation levels throughout all testing. Total
ammonia concentrations in the test agquaria were <0.01 mg/liter throughout
all the tests.

Molinate contamination of the control test aquaria was reduced with
the use of exhaust fans. Molinate concentrations in the control aquaria
were 0.4%2 (0.15 mg/liter) of the highest molinate concentration (40.3
mg/liter) tested.

There were considerable differences between the expected and measured
herbicide concentrations in the thiobencarb and the herbicide mixture
tests. Measured herbicide concentrations averaged 55% + 32% (mean + S.E.)
of the expected concentrations in thiobencarb tests. Measured molinate and
thiobencarb concentrations averaged 64%Z + 357 and 51% #* 47%, respectively,
of the expected herbicide concentrations in the herbicide mixture tests.
Measured herbicide concentrations averaged 90% + 37% of the expected

concentrations in the molinate tests.
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Toxicity of Molinate and Thiobencarb

Survival of fish in control groups during the 144~hr tests varied
between 65 and 84% for 6-day old, 77 and 927 for 13-day old, 91 and 93% for
28-day old, and 68 and 85% for.45—day o0ld fish. Molinate and thiobencarb
concentrations caused dose related responses in survival of the 6-day old
(Table 3 and Appendix E-1), 13-day old (Tables 4 and 5 and Apendices E-2
and E-3), 28-day old (Table 6 and Appendix E-4), and 45-day old (Table 7
and Appendix E-5) fish.

The lowest herbicide test concentrations during the l44-hour exposures
that significantly (p& 0.05) lowered survival compared to control groups
for 6-day to 45-day old fish ranged from 1.5 to 21.5 mg/liter for molinate
tests, 0.11 to 0.77 mg/liter for thiobencarb tests, and 0.88 tec 5.9
mg/liter molinate and 0.05 to 0.49 mg/liter thiobencarb for the herbicide
mixture tests (Table 8). The lowest herbicide test concentrations during
the 1l44—hour exposures that significantly (p ¢ 0.05) reduced growth
compared to control groups for the same age fish ranged from 1.5 to »21.5
mg/liter for molinate tests, 0.07 to >0.77 mg/liter for thicbencarb tests,
and >1.1 to >7.7 mg/liter molinate and 0.07 to >0.74 mg/liter thiobencarb
for the herbicide mixture tests (Table 9).

Thicbencarb averaged for 6-day and 1l3-day old larvae 16 times more
toxic than molinate, based on 96-hour LC50 values (Table 10). Generally,
the toxicity of the rice herbicides decreased with increased age of larvae.
The 96-hour LC50 values for éiday old and 13-day old larvae exposed to the

herbicides separately were 2.1 and 10.7 mg/liter molinate and 0.28 mg/liter
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Table 5. Acute effects (6-day) of molinate and thiobencarb concentrations
(mg/liter) on survival (mean values with S.E. in parentheses) of
13-day old (Test Series 6) striped bass larvae.

Molinate and Thiobencart Mixture

Molinate Thiobencarb Mortality
Concentration Concentration : (%)
Control Controil
0.04(0.02) ) <0.01(0.01) 8
0.88(0.2) 0.05(C.05) 232/
1.3(0.3) 0.0970.04) 282/
2.0(0.5) 0.15(0.06) 452/
3.2(0.5) €.27(0.15) 532/
5.9(0.1) 1.48(0.06) 100 2/

a/ Significantly greater than control (x*, 0.05)
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Table 8., Lowest herbicide concentrations (mg/liter) that significantly
lowered survival of striped bass larvae and fry during 6-day
exposures.

Molinate and Thicbencarb

Mixture
Fish Age e,
(days) Molinate Thiobencarb Molinate  Thiobencarb
6 1.5 .31 2T 0,17
13 "8.0 .11 .88 .05
28 15.5 0.35 5.9 0.48
45 21.5 0.77 4.9 0.49

Table 9. Lowest herbicide concentrations (mg/liter) that significantly
reduced growth of striped bass larvae and fry during 6&6—-day
exposures.

Mclinate and ThicbencarD

Mixture
Fish Age
(days) Molinate Thiocbencarb Mclinzate Thiobencarb
6 1.5 0.07 24,4 >0.26
13 4.9 0.11 1.1 0.07
28 >15.5 - >0.44 5.9 0.48
45 »21.5 >0.77 >7.7 >0.74

32



aniea 0601 (Aep-ig) 389

1 A31TDTX0} DJu0Iyd

/4
g7 < 1011U0D UT A1T1B1I0K I
9°¢> 31eUT [0 \ma (0°1)0°%¢ oY
(v -81°)
1z qaeouaqoTilL \m¢ (6*1)0°we oY
(99°-€%") (zL°-09") S L-L" Y (g°8-4"9)
850 $9'0 - 99 gL — SINIXTH 8 (€'0)6° 81 GY
- -= -- 21PUTION g (v°0)0°61 Y
(LL°=0%") ‘
LS*0 -= -- qiedusqoTyl, 8 (£€10)0°02 Gh
(61°~€1") (92°-12°) (9e2-L"1 (£°€-L°0)
91°0 %Z°'0 - 0°¢ 0°¢ —_ JINIXTN 9 - €1
(6*G1-R) (6°61-8) (6°61-8)
88 /01 €1l 91BUT[OH v (S0°0)79°S €1
(Lg -12°) (98°-4%%") \
VTAR 16°0 - qieouaqoTyL v (60°0)08°S €1
(91°-01") (9°2-9°1
91°0 - -- 9°C - - QANIXIK g (£€1°0)T6*Y 9
: (prg-L°1) (9:T-8°1) (1°6-9°2)
1°¢ 1°2 8¢ 21BUT[OY g (Z1°0)S8S°S 9
(1£°-62")
-= 82°0 - qaeouaqoTyL ¢ (o1:0)oE"S 9
ay-yui Iy-96 ay-gh ay-vpi 14-96 ay-gy JUBI3IXO] R ELY (wu) 23y
183], yi8uap YsHid
1e8us3qo ajeulloe
q qoTulL F1OW usTa

SUOTIRAIUIDUOD ﬁmmmwnu:mumm

-gseq pad1iis 01 qieduaqotyl

utr) [eaisaljug ant

JU0D YGe pur (saniea 059

puep @1pUTOW JO Aumuﬂﬁ\wsv

1) [eYIA[ UBTPSH

‘01 @1qer”

33



and 0.51 mg/liter thiobencarb, respectively. The 96-hour LC50 values for
13-day and 45-day old larvae exposed to the herbicide mixture were 3.0
mg/liter molinate and 0.24 mg/liter thiobencarb and 7.5 mg/liter molinate
and 0.65 mg/liter thiobencarb, respectively. The toxicity of the
herbicides to the 13-day old fish increased with increased exposure time.
The LCS50 values for molinate decreased from 11.3 (48-hour) to 8.8
(l44-hour) mg/liter and for thiobencarb decreased from 0.51 (96—hour) to
0.24 (l44-hour) mg/iiter. The 31-day LC50 values for 45-day old fry
exposed to the herbicides individually were <5.6 mg/liter molinate and 0.21
mg/liter thiobencarb.

The molinate and thiobencarb mixture produce an AI range for 13-day
0ld larvae that suggest simple additive toxicity (Figure 9). Additive
index ranges were not calculated for 6-day and 45-day old fish because of
high mortality (>25%) occuring in some of the test control groups.

Molinate concentrations >5.6 mg/liter during the 3l-day chronic test
significantly lowered survival and growth compared to the control group of
45-day old fish (Teble 11 and Appendix E-6). Thicbencarb concentrations
>0.24 mg/liter significantly reduced survival compared to the control
group . The data from the chronic toxicity test on the herbicide mixture

are not presented because of the high mortality in that contrel group.
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DISCUSSION

Water Quality and Toxicant Stability

Excellent temperaturs control of the dilution water was obtained with
the use of hot water heater, water chiller, and heating rods. Water
temperatures in the test aquaria during a single test varied from +0.5 to
+0.9° ¢,

Mean salinities of dilution water -“n the tests varied from 1.6 to 2.6
of/oo. The control system did not produce consistent salinities. This was
because the pump used for injecting t'.e brine solution developed
insufficient pressure (7 psi) which was incapable of overceming the line
pressure of raw river water (12 ps.) without manual flow adjustments to
balance the entire system. Thus. &n increase in line pressure resulted in
a reduced salinity of the dilutio. water. A centrifugal pump producing
sufficient pressure (25 psi) will be used for injecting brine in the
future.

With the use of exhaust fané in the bioassay room, contamination of
contrel aquaria with molinate was reduced in 1985 by 2507 compared to 1984
levels. 1In 1984, molinate concentrations in control aquaria (0.31
ng/liter) wvere up to 1,4% of the highest Ordram test concentration (20.0
mg/liter). In 1985, molinate concentrations in the control aquaria (C.15
mg/liter) were only up to 0.4% of the highest molinate test concentration
(40.3 mg/liter). Covers will be placed on the aquaria in future tests

-

which should further reduce Ordram contamination. -
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The differences between measured and expected herbicide concentrations
were probably caused by inconsistent toxicant delivery from the peristaltic
pumps. The measured concentrations were generally less than the expected
concentrat;ons. Placing the pumps at the same level as the herbicide stock
solutions increased the measured concentrations up to the expected
herbicide concentrations. Additionally, quality control and quality
assurance programs for rice herbicide test concentrations will be conducted
in future tests. Fér quality centrol, approximately 5 to 107 of the water
sampies will be collected in replicate and analyzed by CDFG for rice
herbicides. For quality assurance, approximately 5 to 10% of the water
samples will be collected in replicate and analyzed by a cooperating
laboratory for rice herbicides.

Culture and Test iethods

There was poor survivel of the newly hatched prolarvae in the rearing
system this year. Good survival was obtained from only one striped bass
femily. The gas supersaturated water appeared to adversely affect survival
by producing larvae with over—inflated air bladders. These larvae floated
immobilized on the surface of the water. This problem was corrected Dy
1

- c
ell k=

disconnectin, the refrigersticn unit's im or. After the gas content O

i

the water fell pelow saturation, the over—inflated air bledder condition
appeared to be reversible because the bladders deflated to normal size and

oG Larids T e

[h]

1y witiin the water columm,

ki

An upwelling current was used for the first six days after hatch with

the last striped bass family. The upwelling current kept the larvae
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suspended and away from the central drain of the rearing tank. After six
days, the upwelling current was changed to a circular current. Despite
using both upwelling and circular currents, this family suffered high
mortality. These eggs were taken late in the season and may have been
weaker than those from earlier spawns. Eggs of striped bass taken early in
the spawning season have been reported to be characteristically stronger
than those taken later. Thus, the high mourtality of the last striped bass
family could have Be;; due to weaker eggs and not the culture techniques.
In the future, an upwelling current will be used in the rearing system for
the first & to 8 days after hatcﬁ with a circular current utilized after
the prelarval stage.

The tests with embryonic striped bass were not successful in 1985.
Tests with embryonic striped bass were also not successful in 1984
(Finlayson and Faggella 1984b). The prolarvae died soon after hatching in
the test chambers. The airlift arrangement improved water exchange between
the aquaria and the test chambers but was insufficient to keep the larvae
suspended. The high mortalities in the larval control groups may have been
due to, in part, previous stressful conditions in the rearing system
caused by gas supersaturation and handling. Anesthetizing the larvae in
the rearing system with MS-222 prior to handling appeared to substantially
improve the survival of control groups in the test system.

In future tests, automatic siphons will be used for exchanging water
between test chambers and the aquaria. To help overcome the stress caused

by positive phototaxis, aeration will be used in the test chambers to keep
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the larvae suspended, and the test chambers will be darkened. As an
additional stress reducing measure, the larvae will be anesthetized in the
rearing system prior to handling.

Toxicity of Molinate and Thiobencarb

The LGSO values derived from the 1985 tests indicated that the
toxicity of Ordram and Bolero either singly or in combination decreased
with increased age of larvae. The 6-day old larvae were two to five tires
more sensitive to thé herbicides than 13-day old fish; respective 96-hr
LC50 values were 2.1 and 10.7 nmg/liter for molinate tests and 0.28 and 0.51
mg/liter for thiobencarb tests. However, 6-day and 13-day old larvae
appeared to be equally sensitive to the herbicide mixture. The 45-day old
fry were less sensitive to the herbicides than either the 6-day or 13-day
old larvae.

The striped bass larvae used in the 1985 tests appesred to be more
sensitive to molinate and thiobencarb than those used in the 1984 tests
(Finlayson and Faggella 1984b). For example, the 96~hr LC50 values for
6—day old larvae to the herbicides separately were 2.1 mg/liter molinate
and 0.28 ng/liter fhiobencarb in 1985 compared to 6.6 omg/liter molinate and
0.35 mg/liter thiobencarb in 1984 (Figure 10). Similar results were
obtained from tests on the herbicide mixtures (Figure 11). However, the
24—§ay old larvae tested in 1984 appeared to be more sensitive to a
herticide mixture than the 13-day cld fish tested in 1985. It 1s not known
if the larvae tested in 1985 were more sensitive or we;ker (stressed) than

the fish tested in 1984 or if the differences can be attributed to
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biological variability. Collectively, the data sugzests that 45—day and
1-year old fish have similar sensitivities to rice herbicides, and they are
less sensitive than 6-day, 13-day, and 24-day old larvae. We were unable,
however, to detect distinct differences in the sensitivities to rice
herbicides among the different age (6 to 24-day old) larvae.

Test ranges based on 96-hr LC50 values for 13-day old larvae tested in
1985 in&icated simple additive toxicity frr mclinate and thiobencarb in a
mixture, Simple additive toxicity betwesn molinate and thiobencarb was
also determined for 6-cay and 24-day oldi striped bass larvae by Finlayson

and Faggella (1984bL) and for juvenile cetfish, Ictalurus punctatus, trout,

Salmo gairdneri, and salmon, Oncorhynchus tshwytscha, by Finlayson and

Faggella (1984a).

Growth (standard length) was reasured on survivors from the acute and
chronic. tests conducted in 1985, A reduction in survival appeared to be as
sensitive an indicator of toxic effects (test endpoints) as was & reduction
in growth. ‘This was particularly. true of older larvae and fry. In a
critical review of growth fesponses in fish during chronic and early
life-nistory staue toxicity tests, Woltering (1984) noted that a reduction
in survival was as sensitive a test endpoint as was a reduction in growth,
and our data on larval growth and survival support this. The RNA and DNA
content of larval striped bass from the 1985 tests may prove to be a more
sensitive indicator of toxic effects than survival and growth, Ve are
waiting for the results of these analyses.

The no observable effect levels (NOEL) for 45-~day old fish exposed for



31-days to molinate and thiobencarb separately were <5.6 mg/liter and 0.18
mg/liter, respectively. The NOEL values for the herbicides tested
separately were higher than those shown to reduce growth of 6-day old
larvae in l44-hr, 1.5 mg/liter molinate and 0.07 mg/liter thiobencarb.
Thus, chronic tests (30 to 40~day duration) on younger and more sensitive

larvae (6-day old) are warranted.
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Appendix A. Monthly mean water quality of the rearing system based on
daily measurements.
Temperature Salinity D.0. NH3+NHZ
Date (°C) (o/00) (mg/liter) (mg/liter)
4-19-85
to a/
4-30-85 17.520.6 — 3.3%0.6 0.1x0.6 0.1320.10
5-1-85
to
5-29-85 18.5£0.8 2.6x0.9 §.3+1.0 0.06+0.06
6-1-85
to
6-11-85 20.1+0.7 5.3x1.3 7.2x1.6 0.04x0.05

3/ Mean + S.E.
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Appendix B.

Test Series 6 and 7

Daily mean quality of dilution water for the acure

re
G
v

based on hourly measurements.

@]

rt

Salinity Temperature
Date (o/00) (°C) pH
6-7-85  2.37 = 0.312 18.29 x 0.78 7.36 = 0.07
(2.68-2.06) (17.33-.9.80) (7.02-7.45)
£-8-85 1.96 = 0.11 18.46 + 0.96 7.33 £ 0.11
(2.07-2.06) (16.26--19.94) (7.02-7.43)
6-9-85 1.95 = 0.27 18.60 = 0.73 7.06 = 0.09
(2.22-1.68) (17.462-19.71) (6.91-7.19)
6-10-85 2.26 = 0.24 13.32 + .90 7.01 = 0.06
(2.50-2.02) (1..70-20.320) 6.93-7.13)
6-11-83 2.18 = 0.29 19.09 = 1.10 7.09 = 0.24
(2.67-1.69) (16.56-21.16) (6.73-7.70)
6-12-85 1.79 = 0.01 i9.16 = 0.70 £.98 = 0.31
(1.80-1.78) (18.27-20.868) (6.43=-7.28)
6-13-853 1.05 = 0.0 18.24 = 0.74 6.47 = 0.0l
(1.95-1.05) (18.26-20.30 (6.44-6.49)
Mean * S.E. with range in parentheses.
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Appendix B. (Cont'd) Daily mean quality of dilution water for the acute
toxicity Test Series §. ‘

Salinity Temperature
Date (o/00) (°C) pH
6-25-85 2.02 + 0.452 19.43 + 0.76 7.37 * 0.27
(2.47-1.57) (18.42-20.84) (7.05-7.89)
6-26-85 4.12 + 0.23 19.73 + 0.72 7.74 + 7.89
(4.35-3.89) (18.77-21.02) (7.53-7.86)
6-27-85 2.84 + 1.57 19.70 = 1.07 7.27 + 0.40
(4.41-1.27) (17.22-21.68) (6.42-7.59)
6-28-85 1.54 + 1.51 19.80 * 0.47 6.81 + 0.39
(3.05-0.03) (19.21-20.59) (6.43-7.46)
6-29-85 1.97 = 0.73 19.39 + 0.77 6.81 + 0.21
(2.70-1.97) (17.38-20.79) (6.55-7.13)
6-30-85 2.65 + 1.23 19.70 + 0.85 6.86 + 0.16
(3.88-1.42) (18.56=21.47) (6.66-7.07)
7-1-85 2.68 + 1.28 20.25 % 0.82 7.01 + 0.31
(3.96-1.40) (18.92-21.77) (6.52-7.51)
7-2-85 1.77 + 1.09 20.66 + 0.91 6.83 = 0.32
(2.83-0.68) (18.25-22.07) (6.43-7.36)

Mean * S.E. with rarge in parentheses.
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Appendix C. Daily mean quality of dilution water for the cnronic Test
Series 9.
Salinity Temperature
Date (o/00) (°0) - pH
6-26-85  4.12 = 0.23 2/ 19.73 £ 0.72 774 2 012
(4.35-3.89) (18.77-21.02) (7 -7.86)
6-27-85 2.84 £ 1.57 19.70 = 1.07 7.27 + 0.40
(4.41-1.27) (17.22-21.68) (6.42-7.59)
6-28-85 1.54 = 1.51 19.80 = 0.47 6.81 = 0.39
(3.05-0.03) ©19.21-20.59) (6.43=-7.46)
6-29-85 1.97 = 0.73 18.39 £ 0.77 6.81 £ 0.21
(2.70-1.24) (17.38-20.79) (6.35-7.12)
6-30-85 2.65 £ 1.23 19.70 = 0.85 6.36 - Q.16
(3.88-1.42) (18.56-21.47) (6.66-7.07)
7-1-85 2.68 = 1.28 20.25 = 0.82 7.01 = 0.3
(3.96-1.40) (18.92-21.77) (6.52-7 )
7-2-85 1.77 £ 1.09 20.66 = 0.91 6.33 = 0.16
(2.86-0.68) (18.25-22.07) (6.43-7.36)
7-3-85 3.27 £ 0.29 20.42 * 0.81 7.28 t 0.14
(3.56-2.98) (18.02-21.54) (7.15-7.69)
7-4-85 1.75 £ 0.7 20.06 4 7.11 = 0.31
(2.46-1.04) (17.89-21.19) 6.52-7.63)
7-5-85 2.74 £ 1.69 20.51 = 0.9¢ 7.11 = 0.49
{(4.43-1.05) (19.09-21.27) {6.33-7.62)
7~6-85 3.39 £ 0.95 20.32 £ 0.58 7.35 = 0.19
(4.34-2.44) (18.51-20.95) (6.87-7.51)
7-7-85 2.44 £ 1.38 19.85 + 0.70 7.25 £ 0.24
(3.82-1.06) (19.02-21.09) {6.90-7.62)
7-8-85 2.45 £ 1.50 20.40 * 0.89 6.96 + 0.90
(3.95-0.95) (19.21-21.79) (6.22-7.57)
a/ ) )
~ Mean * S.E. with range in parentheses.
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Mean * S.E. with range in parentheses.
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Appendix C. (Comnt'd).
Salinity Temperature
Date (o/00) (°C) pH
6-9-85 2.48 + 0.45 2/ 20.41 * 0.84 7.15 = 0.10
(2.93-2.03) (18.17-21.63) (7.02-7.28)
7-10-85 3.31 £ 0.51 19.97 = 0.31 7.12 = 0.12
(3.82-2.80) (19.33-20.74) (6.97-7.45)
7-11-85 2.42 + 0.62 19.14 + 0.25 7.04 = 0.08
(3.04-1.80) (18.69-19.60) (6.92-7.16)
7-12-85 2.81 + 1.18 19.23 + 0.77 7.12 = 0.23
(3.99-1.63) (18.34-20.33) (6.70-7.70)
7-13-85 2.61 = 1.26 20.07 = 1.01 7.20 + 0.42
(3.87-1.35) {(18.82-21.80) (6.29-7.73)
7-14-85 1.85 = 1.07 20.37 = 0.64 7.00 = 0.37
(2.92-0.78) (19.53-21.48) (6.22-7.37)
7-15-85 2.83 + 1.66 20.61 = 1.02 6.96 = 0.43
(4.49-1.17) (18.48-21.87) (6.16-7.45)
7-16-85 4.02 = 0.51 20.61 + 0.66 7.31 = 0.12
(4.53-3.51) (19.69-21.64) (7.18-7.53)
7-17-85 3.11 = 0.91 20.43 £ 0.57 7.26 = 0.24
(4.02-2.20) (19.64-21.36) (6.40-7.44)
7-18-85 3.20 = 1.27 20.46 = 1.00 6.99 * 0.28
(4.47-1.93) (18.13-21.89) (6.35-7.30,
7-19-85 2.53 = 0.18 20.46 + 0.63 6.43 * 0.15
(2.61-2.35) (19.71-21.70) (6.21-6.64)
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Appendix D. Daily mean water temperature in the test aquaria for the acute
toxicity tests based on measurements taken every four hours.

Mean Standard
Test Series Date Temperature Error
(°c)
Series 1‘ 4-27-85 20.50 .41
4-28-85 20.50 .58
4*29wé5 20.00 .96
4~30-85 20.25 .27
5-1~85 19.93 .67
5-2-85 19.29 .49
5-3-85 19.92 .74
5-4~85 20.3¢€ .38
5-5-85 20.57 1.21
5-6-85 20.64 .69
5-7-85 20.00 71
5-8-85 19.64 .56
Series 2 5-39-85 15.29 .49
Series 3 5-10-85 19.36 .99
5-11-85 16.79 .81
5-12-85 20.93 ' © 1,10
5-13-35 20.93 .73
5-14-85 21.29 1.80
5-15-85 16,57 ;45
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Appendix D. (Cont'd).

Mean Standard
Test Series Date Temperature Error
(¢°C)

5-16-85 19.50 .85

5-17-85 19.14 .24

5-18-82 19,64 LL8

5-18-85 19.93 .53

5-20-85 21.21 1.55

5-21-85 20.25 1.08

5-22-85 20.50 .50

Series & 5-23-85 20.21 .49
5-24-35 20,06 .38

5-25-35 20.29 .57

5-26-35 19.¢3 .53

.5—27—85 19.36 1.25

5-28-85  19.50 .58

5-29-85 20.07 .53

5-30-85 15.29 .01

- Series 5 - '+ '5-31-85 - - 18,64 - - .- 69
0—1-3&5 19.14 .38

6-2-85 19.29 .57

6-3-85 19.43 .45
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Appendix D. (Cont‘d).

Mean Standa-d
Test Series Date Temperature Error
(°c)
6-4~85 16,21 .39
6-5-85 12.86 .24
6-6-85 20.64 1.14
Series 6 & 7 6-7-85 19.86 .80
6-38-45 20.50 1.87°
6-9-385 22,21 .81
6-10-85 21.93 1.43
6-11-85 | 22.00 1.08
6.12-85 20.29 .86
6-13-85 16.93 .84
6-14-85 20.07 . .93
6-15~85 21.36 1.07
6-16-85 20.64 1.18
6-17-85 18,93 .89
6-18-85 19,86 1.14
6~-19-85 20,43 1.21
- 6~20-85 .. - 18.64 . . .. ..75
Series @ 6-21-3% 192.0¢C 1.0%
6-22~85 18.64 1.21
6-23-85 18.71 .86

57



Appendix D. (Cont'd).

Mean Standard
Test Series Date Temperature Error
: (°c)
6—-24~85 19.57 1.13
Series 8 6-25-85 20.48 1.34
6-26-85 21.00 .96
6-27-85 20.79 .70
6—-28-85 20.14 1.14
6-29-85 19.00 .71
6-30-85 20.07 .89
7-1-85 20.29 1.11
7-2-85 20.93 .93
7-3-85 20.86 .90
7-4-85 20.07 .67
7-5-85 21.79 .86
7-6-85 21.07 . .93
7-7-85 20.57 A .35
7-8-85 21.86 1.28
7-9-85 20.00 1,71
7-10-85 19.64 1.03
7-11-85 19.71 .70
7-12-85 20.93 1.72



Appendix D. (Cont'd).

Mean Standard
Test Series Date Temperature Error

“c)
7-13-85 21.43 1.30
7=14-85 22.50 1.1¢9
7-15-85 22.00 1.22
T=le=03 SRS 1.1
7—=17-385 19.71 1.26
7=18-85 16.71 .99
7-19-85 20.50 .71
7-20-85 1¢.62 .45
7-21~-35 20,84 .75
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Appendix E-1

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIZS S - Molinate (48-hr)

STOCK SOLUTION INITAL CONC {MG/LITER) 9100

STOCK SOLUTICN FINAL CONC (MG/LITER) 10,800

DILUTION OF TOXICANT__ 500

TEST SPECIES STRIFED BASS

FISH LENGTE () .32 (0.12)

FISH WEIGET (G)

TEMPERATURE (¢) 1¢

BESPONSE SUMMARY

CONCENTRATICN EXPOSED RESPONDED MOLINATE TEIOBENCARB
() (No) (R0) (MG/LITER) (MG/LITER)
100 51 36 13.3
56 47 37 8.4 ~»
32 43 28 4.6
182/ 25 1 : 0.95
10 z- A .S

B CONTROL -—_—50 7;__ 0.02

LCSO (2) , 2

LC50 MOLINATE (MG/LITER) 3.5 (2.5-4.5)

LC50 THIOBENCARB (MG/LITER)

LC50 METHCD —PROBIT{EQZEﬁE_éZEE&EE7NONLINEAR INTERPOLATION-

a/

" Data from 187 concentration not used in the LC50 analysis
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Appendix E- 1

ACUTE TOXICITY TEST DATA SUMMARY

%
TEST NO. TEST SERIZS 5 - Molinate {96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 100

STOCK SOLUTION FINAL CONC (MG/LITER) 10,000

DILUTION OF TOXICANT 500

TEST SPECIES__STRIPED BASS

FISE LENGTHE (M) 5.25 (0.12)

FISH WEIGHT (G)

TEMPERATURE (C)____ 19

RESPONSE SUMMARY

CONCENTRATION EXP0SED RESPCNDED MOLINATE THIOBENCAR3
(2 (NO) (NO) (MG/LITER) (MG/LITER)
100 i 51 51 13.3 -
56 47 47 g.4
3z - a4 " 44 4.5
18 2/ 25 13 0.95
10 27 ) 1.5
_—-CONIROL h __QJ__________-__;"“" 0.02
Lcse (2) ?

LCSO MOLINATE (MG/LITER) 2.1 (1.8-2.4)

LC50 THIOBENCARB (MG/LITER)

1LCS0 METHOD -PROBIT-SOVING AVERAGENONLINEAR INTERPOLATION-

a/

" Data from the 18% concentration not used in the LCS0 snalysis
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Appendix E-1

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 5 - Molinate (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) _ 91CQO

§TOCK SOLUTION FINAL CONC (MG/LITER) 10,000

DILUTION OF TOXICANT 500

TEST SPECIES__ STRIPED BASS

FISE LENGTE (M) 5.55 (0.12)

FISHE WEIGHT (G)

TEMPERATURE (C) 19
RESPONSE SUMMARY
CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(2) (NO) (Nxo) (MG/LITER) (MG/LITER)
160 51 51 13.3
56 47 47 g.4 °
32 44 44 4.¢
183/ 25 13 0.95
10 27 10 1.3
CONTROL 50 8 0.02
LC50 (Z)

LC50 MOLINATE (MG/LITER) 2.1’11.7-2.&)

LC50 THIOBENCAREB (MG/LITER)

1.C50 METHGD —PROBIT{EQVING AVERAGE}FNONLINEAR INTERPOLATION-

a/

Data from the 187% concentration not used in the LC50 analysis
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Appendix E- 1
ACUTE TOXICITY TEST DACA SUMMARY

TEST NO. TEST SERIES 5 - Thicbencarb. (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 817

STOCK SOLUTION FINAL CONC (MG/LITER) 790

DILUTION OF TOXICANT 500

TEST SPECIES__ STRIPED BASS

FISH LENGTE {MM) 5.30 {0.10

FISE WEIGHT (&)

TEMPERATURE {(¢) 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(2 (¥O) (n0) (MG/LITER) (MG/LITER)
100 45 12 0.48
56 54 7 ' 0.39
32 43 7 ‘ L 0.14
18 49 8 0.07
o 10 a sC 7 0.03
CONTROL B 43 9 0.002

LCS0 (Z) >100

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) >0.4s8

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-1

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 5 - Thiobencarb (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 810

STOCK SOLUTION FINAL CONC (MG/LITER) 7

0
(@]

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BAaSS

FISH LENGTE (MM) S.20 ((0.10)

FISH WEIGET (G)

TEMPERATURE (C) 19

RESPORSE SUMMARY

CONCENTRATION EXPCSED RESPONDED MOLINATE TEIQBENCAR3B
(%) (x0) (N0) (MG/LITER) (MG/LITER)
100 45 45 0.48
56 54 3C o 0.21
32 43 11 0.14
18 45 12 0.07
10 S0 12 0.23
CONTROL 43 11 0.002
LC50 (%)

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) 0.28 (0.25-0.31)

LC50 METHOD —PROBIT{EOVING AVERAGE+NONLINEAR INTERPOLATION-
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Appendix E -1

ACUTE TOXICITY TEST DAVA SUMMARY

TEST NO. TEST SERIES 5 - Thiobencarb (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__ 817

STOCK SOLUTION FINAL CONC (MG/LITER)_79C

DILUTION OF TOXICANT 500

TEST SPECIES_STRIPED BASS

FISH LENGTE (MM) 5.30 (0.10)

FISH WEIGHT {(G)

TEMPERATURE (C) 12

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESSONDED MOLINATE " THIOBENCARB
9] (NO) (NO) (MG/LITER) (MG/LITER)
100 45 45 0.48
56 54 46 . 0.31
32 43 19 0.14
18 49 15 0.07
10 50 14 0.03
CONTROL 5 15 N 0.002
LCS0 ()2

LCS0 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) 0.19 (0.17-0.22)

LC50 METHOD -PROBIT-MOVING AVERAGE}NONLINEAR INTERPOLATION- .
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Appendix E-1

ACUTE TOXICITY TEST DATA SUMMARY

TEST N0, TEST SERIES 5 - Molinate and Thicbencarb Mixture (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 3600, 270

STOCK SOLUTICN FINAL CORC (MG/LITER)_ 3800, 600

DILUTION OF TOXICANT__ 500

TEST SPECIES__STRIPED BASS

FISH LENGTH (MM) 2.52 (0.13)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCEXNTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(% (N0) (NO) (MG/LITER) (MG/LITER)
100 72 3 4.4 0.26
56 54 4 2.7 0.17
32 47 1 1.7 0.09
18 30 1 1.0 0.06
10 53 6 0.70 0.305
CONTROL 51 7 0.03 0.001

LCS0 (Z)__>100

-

LC50 MOLINATE (MG/LITER) >4.4

LC50 THIOBENCARB (MG/LITER) >0.26

LC50 METEOD -PROBIT-MOVINC AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-1

TEST NO. TEST SERIES 5 - Molinate and Thiobencarb Mixture (96-hr)

ACUTE TOXICITY TEST DAT.. SUMMARY

STOCK SOLUTION INITAL CONC (MG/LITER)__ 3500 _ 270

STOCK SOLUTION FINAL CONC (MG/LITER)__ 38CC, 600

DILUTION OF TOXICANT 500
TEST SPECIES_ STRIPED BASS
FISE LENGTH (MM)_ 4.52 (0.13}
FISH WEIGHT (G)
TEMPERATURE (C) 19
EESPONSE SUMMARY
CONCENTRATION EXPOSED RESP INDED MOLINATE THIOBENCARR
() (¥O) (x0) (MG/LITER) (MG/LITER)
100 72 13 4.4 0.26
56 54 10 2.7 » 0.17
32 47 8 1.7 0.09
18 30 3 1.0 0.06
10 53 12 0.70 0.0%
i CONTROih 51 10 N 0.03 0.001

LC50 (%) >100

LCS50 MOLINATE (MG/LITER) >4.4~

1L.CS0 THIOBENCARB (MG/LITER) >0.26

LC50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-1-

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.

STOCK SOLUTION INITAL CONC (MG/LITER)__ 3600, 270

TEST SERIES 5 — Molinate and Thiobencarb Mixture (lé44-hr)

STOCK SOLUTION FINAL CONC (MG/LITER) 3800, 600

DILUTION OF TOZICANT 500

TEST SPECIES STRIPED BASS

FISH LENGTH (MM) 4.52 (0.13)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(=) (x0) (N0) (MG/LITER) (MG/LITER)

100 72 46 4.4 0.26

56 54 32 2.7 0.17

32 a7 13 1.7 0.09

18 30 8 1.0 0.06

10 53 1le 0.70 0.0¢<

CONTROL 51 13 0.02 0.001

LC50 () >36

1LCSO MOLINATE (MG/LITER) >2.7

LC50 THIOBENCARB (MG/LITER) ~>0.17

LC50 METEOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-2

ACUTE TOXICITY TEST D/TA SUMMARY

TEST NO. TEST SERIES 4 — Molinate (48-hr)

STOCK SOLUTLON INITAL CONC (MG/LITER)_§°20

STOCK SOLUTION FINAL CONC (MG/LITER) 1C,000

DILUTION OF TOXICANT__ 500

TEST SPECIES STRIPED BASS

FISH LENGTH (MM) 5.6z (0.05)

FISH WEIGHT (G)

TEMPERATURE (C)__ 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB

(2 (NO) (NO) (MG/LITER) (MG/LITER)

100 44 39 15.5

56 35 3 8.0 »

32 31 1 4.9

18 39 1 3.

10 T 1 2.0
CONTROL 99 10 0.21

LCs0 (2D

-

LCS50 MOLINATE (MG/LITER) 11.3 (5.0-15.3)

LC50 THIOBENCARB {MG/LITER)

LC50 METHOD -PROBIT-MOVING AVERAGE{EbNLINEAR INTERPOLATION-,
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Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO._TEST SERIES 4 - Molinate (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 8500

STOCK SOLUTION FINAL CONC (MG/LITER) 10,000

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

FISE LENGTH (MM) S.52 (0.05)

FISH WEIGHT (G)

O

TEMPERATURE (C) 1

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
() (NO) (¥0) (MG/LITER) (MG/LITER)
100 44 43 15.5
56 35 8 8.0 *
32 31 4 4.¢
18 v 39 2 3.1
10 36 3 2.0
CONTROL 99 11 0.21
LCS0 (2)

LC50 MOLINATE (MG/LITER)_ 10.7 (8.0-15.5)

LC50 THIOBENCARE (MG/LITER)

LC50 METHOD -PROBIT-MOVING AVERAGEEﬁpNLINEAR INTERPOLATION-
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Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 4 - Molinate (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__ & ©J

STOCK SOLUTION FINAL CONC (MG/LITER)__ 12-0CC

DILUTION OF TOXICANT 500

TEST SPECIES__STRIPED BASS

FISE LENGTHE (M) 5.862 (0.05°

FISE WEIGHT (G)

e
0

TEMPERATURE (C)

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
(2 (KO) (NO) (MG/LITER) (MG/LITER)
100 44 44 15.5
56 33 17 8.0 .
32 31 7 4.9
18 39 8 3.1
10 36 6 2.0
CONTROL 99 18 0.21

LCcso ()

LC50 MOLINATE (MG/LITER) 8.8 (8.0-15.5)

LC50 TEIOBENCARB (MG/LITER)

1CS50 METHOD -PROBIT-MOVING AVERAGE<NONLINEAR INTERPOLATIO

71



Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 4 - Thiobencarb (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 730

STOCK SOLUTION FINAL CONC (MG/LITER) 680

DILUTION OF TOXICANT__ 500

TEST SPECIES STRIPED BASS

FISH LENGTE () 5.80 (0.09)

FISH WEIGHT (G)

ot
[Xe]

TEMPERATURE (C)

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARE
(z) (¥0) (¥0) (MG/LITER) (MG/LITER)
100 40 25 0.8¢
56 34 2 - 0.44
i 32 38 2 0.22
18 37 9 0.11
10 32 2 0.07
CONTROL 40 5 0.001

LC30 (T) > 56

LC50 MOLINATE (MG/LITER) -

LC50 THIOBENCARB (MG/LITER)> . 44

LC50 METEOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES &4 - Thiobencarb (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 730

STOCK SOLUTION FINAL CONC (MG/LITER) 680

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

FISHE LENGTH (MM) 5.80 (0.09)

FISH WEIGHT {G)

TEMPERATURE (C) 19

KESPONSE SUMMARY

CONCENTRATION EXPOSED RESPO DED MOLINATE THIOBENCARB
(2) (x0) (NC) (MG/LITER) (MG/LITER)
100 40 38 0.86
56 34 - 16 0.44
32 38 4 0.22
18 37 9 0.11
o 10 32 2 0.07
CONTROL 40 6 0.001
LC50 (Z)
LC50 MOLINATE (MG/LITER) -

LC50 THIOBERCARB (MG/LITER) 0.50 (0.45-0.56)

LC50 METHOD -PROBIT{MOVING AVERAGE/NONLINEAR INTERPOLATION-
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Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIEZS 4 - Thiobencarb (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__ 730

STOCK SOLUTION FINAL CONC (MG/LITER)___680

DILUTION OF TOXICANT 500

TEST SPECIES _ STRIPED BASS

FISE LENGTE (MM)_ 5.80 (0.09)

FISH WEIGET (G)

TEMPERATURE (C)__ 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
() (¥0) (¥0) (MG/LITER) (MG/LITER)
100 4¢ 40 0.86
56 34 28 . 0.44
32 38 14 0.22
18 37 21 0.11
10 32 4 0.07
CONTROL 40 9 0.001
LCs0 (X)

LC50 MOLINATE (MG/LITER)

1LC50 THIOBENCARB (MG/LITER)_0.24 (0.21-0.27)

1LCS0 METHOD -PROBITZMOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST No. TEST SERIES 4 - Molinate and Thiobencarb Mixture (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__ 3500 250

STOCK SCLUTION FINAL CONC (MG/LITER) 4100, 280

DILUTION OF TOXICANT__ 500

TEST SPECIES STRIPED BASS

FISH LENGTH (MM)_ S5.30 (0.06}

FISH WEIGET (G)

TEMPERATURE (C) 12

RESPONSE SUMMARY

CONCENTRATION EXPOSED RES? ONDED MOLINATE THIOBENCARB
(%) (NG) (80) (MG/LITER) (MG/LITER)
100

36 C 4.4 0.22
26 40 1 2.7 7. 0.20
32

34 1 1.6 0.12
18

s 0 .1 0.07
10 R

52 2 1.0 0.07

CONTROL -
59 5 0.04 ¢0.001

LCS0 (Z)_>:00

-

LCS0O MOLINATE (MG/LITER) ><2.4

LCS50 THIOBENCARB (MG/LITER) >0.22

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-2

)

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 4 - Molinate anc Thiobencarb Mixture (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__ 3500, 250

»

STOCK SOLUTION FINAL CONC (MG/LITER) 4100, 290

DILUTION OF TOXICANT_._ 3500

TEST SPECIES__ STRIPED BASS

FISE LENGTH (MM) ©5.50 (C.0f)

FISE WEIGHT (G)

TEMPERATUORE (C)_ 1¢

RESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPONDED MOLINATE THIOBENCARB
() (¥0) (¥O) (MG/LITER) (MG/LITER)

100 36 3 4.2 0.22

36 40 2 2.7 0.20

32 34 1 1.6 0.12

18 15 3 1.1 0.07

10 52 g 1.0 0.97

CONTROL 59 5 0.04 <0.001

1.C50 MOLINATE (MG/LITER) >4.4

1LC50 TEIOBENCARB (MG/LITER)_ >0.22

1.C50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATICN-
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Appendix E-2

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 4 - Molinate and Thiobencarb Mixture (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 3500, 250

STOCK SOLUTION FIﬁAL CONC (MG/LITER) 4100, 290

DILUTION OF TOXICANT 500

TEST SPECIES__ STRIPED BASS

FISHE LENGTH (MM) 5.50 (0.086)

FISH WEIGHT {(G)

TEMPERATURE (C) 19

RESPONSE STUMMARY

CONCENTRATION  EXPOSED RES’ONDED MOLINATE THIOBENCARB
(2) (NO) (no) (MG/LITER) (MG/LITER)

100 36 10 4.4 0.22

56 40 4 2.7 ° 0.20

32 34 6 1.6 0.12

18 35 8 11 0.07

10 52 13 1.0 0.07

CONTROL 59 9 0.04 <£0.001

LCs0 (z)__>100

-

1CS0 MOLINATE (MG/LITER) >4.4

LC50 THIOBENCARB (MG/LITER) >0.22

LC50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-3

ACUTE TOXICITY TEST DATA SUMMARY

LI
TEST NO._TEST SERIES 6 - Molinate and Thiobencarb Mixture (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 6000, 560

STOCK SOLUTION FINAL CONC (MG/LITER) 6200, 460

DILUTION OF TOXICANT 500

-

TEST SPECIES__STRIPED. BASS

FISH LENGTH (MM) 4.52 (0.12)

FISHE WEIGHET (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB

(= (¥0) (¥0) (MG/LITER) (MG/LITER)
100 37 2 5.9 0.48
56 40 0 3.2 . - 0.27
32 40 2 2.0 0.15
18 40 0 1.3 YT 0.09
10 41 3 0.38 0.05
CONTROL 40 0 0.04 <0.01

LC50 (Z) 2100

LC50 MOLIRATE (MG/LITER) >5.°9

LC50 TEIOBENCARB (MG/LITER) >0.48

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-

78



Appendix E-3

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 6 - Mcliante and Thiobercarb Mixture (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)_ 6000, 580
= .

STOCK SOLUTION FINAL CONC (MG/LITER)__6200. 460

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

FISE LENGTHE (MM) 4.52 (0.13)

FISE WEIGHT {G)

TEMPERATURE (C)__ 1%

RILSPORSE SUMMARY

CONCENTRATION EXPOSED RESPOADED MOLINATE TEIOBENCARS
69 (NO) (N0} (MG/LITER) (MG/LITER)

100 37 37 5.9 0.48

56 40 18 3.2 0.27

32 40 8 2.0 0.15

18 40 0 1.3 0.09

10 41 3 0.88 0.05

CONTROL 40 1 0.04 <0.01

LGSO (%) 49.2 (44.5-54.9)

-

1C50 MOLINATE (MG/LITER) 3.0 (2.7-3.3)

LC50 THIOBENCARBR (MG/LITER) 0.24 (0.21-0.26)

LC50 METHOD -PROBIT{MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-3

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO._ TEST SERIES 6 - Molinate and Thiobencarb Mixture (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 6000, 560

-
STOCK SOLUTION FINAL CONC (MG/LITER) 6200, 460

DILUTIOR OF TOXICANT 500

TEST SPECIES__ STRIPED BASS

FISH LENGTE (MM) 4.52 (0.13)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPONDED MOLINATE THIOBENCARB
(%) (NO) (NO) (MG/LITER) (MG/LITER)

100 37 37 5.9 0.48

56 40 21 3.2 ¢ 0.27

32 40 18 2.0 0.15

18 40 11 ' 1.3 0.09

10 41 10 0.8 0.05

CONTROL 40 3 . 0.04 < 0.01

LC50 (Z)  32.6 (27.3-39.1)

LCS50 MOLINATE (MG/LITER) 2.0 (1.7-2.4)

LC50 THIOBENCARB (MG/LITER)_0.16 (0.13-0.19)

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-4

ACUTE TOXICITY TEST DAT. SUMMARY

TEST NO. TEST SERIES 7 - Molinate (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 9300

STOCK SOLUTION FINAL CONC (MG/LITER) €400

DILUTION OF TOXICANT__ 500

TEST SPECIES

STRIPED BASS -

PISH LENGTE (MM)

FISH WEIGHT (G)

12.5

TEMPERATURE (C)

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESFONDED MOLINATE THIOBENCARS
(2) (NO) (N9) (MG/LITER) (MG/LITER}
100 38 3 15.5
56 35 1 - 7.0 °*
3z e 1 5.0
18 39 0 . 0.02
10 40 4 1.9
CONTROL 42 2 0.03

LCcs50 (Z)_ 2100

-

LC50 MOLINATE (MG/LITER) >15.5

LC50 THIOBENCARE (MG/LITER)

LCS0 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-'
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Appendix E-4

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO._ TEST SERIZS 7 — Molinate (96-hr)

STOCK SOLUTION, INITAL CONC (MG/LITER)_ 3900

STOCK SCLUTION FINAL CONC (MG/LITER) 9400

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

FISH LENGTH (MM) 12.5 (0.3)

FISH WEIGHT (G)

TEMPERATORE (C) 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
¢ (NO) (NC) (MG/LITER) (MG/LITER)
100 38 3] 15.5
56 35 2 7.0 °
32 39 2 5.0
18 39 2 -0.02
10 40 5 1.9
CORTROL 42 3 0.03

LC50 (Z)__»>100 :

-

LC50 MOLINATE (MG/LITER) >15.5

1C50 THIOBENCARB (MG/LITER)

LC50 METECD ~PROBIT-MOVING AVERAGE—NONLINEAR.INTERPOLATION-



Appendix E-4

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.__ _TEST SERIES 7 — Molinate (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 5,909

STOCK SOLUTION FINAL CONC (MG/LITER)__9,40C

DILUTION OF TOXICANT__ 500

TEST SPECYIES STRIPED BASS

FISH LENGTH (MM} 12.5

FISH WEIGHT (G)

TEMPERATURE (C) 19

RE°PONSE SUMMARY

CONCENTRATION EXPOSED RESPONJED MOLINATE THICBENCARB
€2) (¥0) (NO; (MG/LITER) (MG/LITER)

100 38 5;”_ - 15.5

56 35 T s 7.0

32 39 4 5.0

18 39 3 0.02

i0 40 6 1.9

CORTROL 42 3 0.03

LC50 (Z)__>56

LC50 MOLINATE (MG/LITER) >7.0

LC50 THIOBERCARB (MG/LITER)

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-




Appendix E-4

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.__ TEST SERIES 7 - Thiobencarb (48-hr)

STOCK SOLUTION INITAL CONC (MG/L{;ER) 740

STOCK SOLUTION FINAL CONC (MG/LITER) 560

DILUTION OF TOXICANT 500

TEST SPECIES_STRIPED BASS

FISH LENGTH (MM) 12.6 (0.%)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPONDED MOLINATE THIOBENCARB
() (N0) (¥o) (MG/LITER) (MG/LITER)

100 37 3 0.44

56 30 1 0.35

32 38 0 0.18

18 . 36 2 0.10

10 42 5 0.04

CONTROL 38 2 <o0.01

LC50 (Z)_>109 )

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) 30.44

LC50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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" Appendix E-4

ACUTE TOXICITY TEST DATA ¢ UOMMARY

TEST NO. TEST SERIES 7 - Thiobencarb {96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__740
L]

STOCZ SOLUTION FINAL CONC (MG/LITER)__ 560

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED 'BASS

FISE LENGTH (M) 12.6 (C.5)

FISE WEIGET (G)

TEMPERATURE (C) 19

[EESEE— L

R .SPONSE SUMMARY

CONCENTRATION  EXPOSED RESPC NDED MOLINATE THIOBENCARS

(= (NO) (¥0) (MG/LITER) (MG/LITER)
100 37 10 0.44 |
56 20 4 0.35
32 38 0 0.18
18 36 2 0.10
10 42 S 0.04

CONTROL 38 3 {0.01

Lcse (Z)_ 2100 \

LC50 MOLINATE (MG/LITER)

LCSO THIOBENCARB (MG/LITER)_>0.44

1.C50 METHOD -PROBIT;HOVING AVERAGE-NONLINEAR INTERPOLATION-



Appendix E-4

»

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 7 - Thiobencarb (l44-hr)

STOCK SOLUTICN INITAL CONC (MG/LITER)_ __ 74C

STOCK SCLUTION FINAL CONC (MG/LITER) S60

DILUTICN CF TOXICANI 500

TEST SPECIES_ STRIPED "BASS

FISH LENGTH (MM) 12.6 (C.5)

FISH WEIGHT (G)

TEMPERATURE (G) 19

RESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPONDED MOLINATE THIOBENCARB
(2) - (¥0) (¥0) (MG/LITER) (MG/LITER)

100 37 15 0.44

56 30 10 0.35

32 38 ) Q 0.18

18 36 2 0.10

10 40 3 0.04

CONTROL .38 3 <0.01

LCSo (Z)_ >10¢ v

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) >0.44

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-



Appendix E-4

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 7 - Molinate and Thiobencarbh Mixture (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 6000, 360

STOCK SOLUTION FINAL CONC (MG/LITER) 6200, 460

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

-

FISE LENGTE (MM)_ 12.9 (0.3)

FISE WEIGHT (G}

[
o

TEMPERATURE {C)

FUSPONSE SUMMARY

CONCENTRATION  EXPOSED RESPOY DED MOLINATE THIOBENCARB
4 (N0) (NO, (MG/LITER) (MG/LITER)

1oc 28 i 5.9 0.48

56 40 1 3.2 7 0.27

32 33 0 2.0 0.15

18 25 0 1.3 . 0.09

10 40 0 0.88 ' 0.05

CORTRCL 44 4 0.04 : <0.01

LC50 (2)_> 100

LC50 MOLINATE (MG/LITER) > 5.9

LC50 THIOBENCARB (MG/LITER)>0.4s

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-



Appendix E-4

ACUTE TOXICITY TEST DATA SUMMARY

TEST No.___fTEST SERIES 7 - Molinate and Thiobencarb Mixture (96~hr)
STOCK SOLUTION INITAL CONC (MG/LITER)__6000, 650
.
STGCK SOLUTION FINAL CONC (MG/LITER)__ 6200, 460
DILUTION OF TOXICANT 500
TEST SP‘ECIES STRIPED BASS
FISHE LENGTH (M)__12.9 (0.3)
FISE WEIGHT (G)
TEMPERATURE (C)___1°
RESPONSE SUMMARY
CONCENTRATION  EXPOSED RESPONDED MOLINATE TEIOBENCARB
(2 (R0) (x0) (MG/LITER) (MG/LITER)
100 - 28 4 5.9 0.48
"““;g"“ 40 1 .2 0.27
-_...;;-—- 39 0 2.0 0.15
18 ) 25 0 1.3 0.09
10 40 0 0.88 0.05
conrao;— 44 4 0.04 <0.01

\

Lcso (2) 2100
1C50 MOLINATE (MG/LITER)_>5.9

1050 THIOBENCARB (MG/LITER)_>0.48

1.CS50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E~-4

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 7 - Molinate and Thiobencarb Mixture (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)_ 8000, 560

STOCK SOLUTION FINAL CONC (MG/LITER)_§200, 460

DILUTION OF TOXICANT __ 500

TEST SPECIES__ STRIPED BASS

FISE LENGTH (MM) 12.9 (0.3)

FISH WEIGET (G)

TEMPERATURE (C) 19

RE,PONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
) (¥0) (NO) (MG/LITER) (MG/LITER)
100 28 11 5.9 0.48
56 40 2 3.2 0.27
32 39 3 2.0 0.15
18 25 1 1.3 0.69
10 40 0 0sas 0.05
CONTROL 44 4 0.04 <0.01
LCS0 (X) >100 N

LC50 MOLINATE (MG/LITER) >5.9

1C50 THIOBENCARB (MG/LITER)_>0.48

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-5

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.__TEST SERTIES 8 - Molinate (48-~hr)

STOCK SOLUTION INITAL CCNC (MG[LITER) 23,000

STOCK SOLUTION FINAL CONC (MG/LITER) _ 22.000

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

FISE LENGTE (MM) 19.0 (0.z)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CORCENTRATION EXPOSED RESPONDED MOLINATE

THIOBENCARB
) (¥0) 9:(0)) (MG/LITER) (MG/LITER)
100 30 11 39.8
56 40 2 21.5 °
32 38 0 12.8
18 39 1 \ 7.5
10 38 0 5.8
CONTROL 38 1 0.13

A\

LC50 (Z)__>100

LC50 MOLINATE (MG/LITER) >38.8

LC50 THIOBENCARB (MG/LITER) .

LC50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR iNIERPOLATIONF



Appendix E-5

ACUTE TOXICITY TEST DATA SUMMARY

TEST MC.  TEST SERIES 8 -~ Molinate {96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)  23.310
.3

STOCK SOLUTION FINAL CONC {MG/LITER) 22.000

DILUTION OF TOXICANT __ 500

TEST SPECIES_STRIPED- BASS

FISH LENRGTE (MM)__19.0 (0.4)

FISH WEIGHT {@G)

TEMPERATURE (C) 19

R.SFONSE SUMMARY

CONCENTRATION  EXPOSED RESPO iDED MOLINATE THIOBENCARB
() (NO) (NC) (MG/LITER) (MG/LITER)
100 39 11 38.8
56 40 2 21.5 7
32, 33 0 12.8
18 39 1 7.5
10 3. o . 5.8
CONTROL 38 1 0.13

LCS0 (X)_>100 :

LC50 MOLINATE (MG/LITER) > 38.8

LC50 THIOBENCARB (MG/LITER)

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-



Appendix E-5

ACUTE TCXICITY TEST DATA SUMMARY

TEST NO.___TEST SERIES 8 - Molinate (l44~hr)

STOCK SOLUTION INITAL CONC (MG/LITER) _ 23,000

STOCK SOLUTION FINAL CONC (MG/LITER) 22,000

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED. BASS

FISH LENGTE (MM) 19.0 (0.4)

FISH WEIGHT (G)

TEMPERATURE (C) 13

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE TEIOBENCARB
(2 (x¥0) (No) (MG/LITER) (MG/LITER)
100 39 39 38.8
56 - 40 38 21.5 °
32 33 12 12.8
18 39 12 7.5
10 38 -+ 10 5.8
CONTROL 38 12 0.13
1C50 () ‘

LC50 MOLINATE (MG/LITER) 18.2 (16.5- 20.2)

LC50 THIOBENCARB (MG/LITER)

LC50 METHOD -PROBIT{%OVING AVERAGEFNONLINEAR fNTERPOLATION—
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Appendix E-5

1l

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 8 - Thiobencarb (48-hr’

STOCK SOLUTION INITAL CONC (MG/LITER)__ 1030

TOCK SOLUTION FINAL CONC (MG/LITER) L00OG

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

¥ISH LENGTH {MM) 20.0 (G.3)

FISH WRIGHT {(G)

TEMPERATURE (C) 19

FESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPUNDED MOLINATE THIOBENCARR
(z) (NO) (xo) (MG/LITER) (MG/LITER)

100 — - 1.3

56 20 ! ' '0.77

32 19 0 0.40

18 20 0 0.27

10 13 i 0.20

CONTROL 36 3 {0.01

\

LC50 (2)__> 356

LC50 MOLINATE (MG/LITER)

LC50 THIOBENCARB (MG/LITER) > 0.77

LC50 METHOD ~-PROBIT-MOVING AVERAGE-NONLINEAR fNTERPOLATION—
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Appendix E-5

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 8 -~ Thiobencarb (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)___ 1030

STOCK SOLUTION FINAL CONC (MG/LITER) 1000

DILUTION OF TOXICANT 500

TEST SPECIES STRIPED BASS

FISH LENGIH (MM) 20.0 (0.3)

FISH WEIGHT (G)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPONDED MOLINATE THIOBENCARB
() (NO) (NO) (MG/LITER) (MG/LITER)

100 - -— 1.3

56 20 13 y 0.77

32 19 1 0.40

18 20 e 0.27

10 19 1 0.20

CONTEOL 36 7 £0.01

Lcso (x)  >32 :

LC50 MOLINATE (MG/LITER)

1C50 THIOBENCARB (MG/LITER) >.40

1C50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-
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Appendix E-5

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO._ TEST SERIES 8 - Thiobencarb (l44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)__ 103C

STOCK SOLUTION FINAL CONC (MG/LITER) 1009

DILUTION OF TOXICANT, 300

TEST SPECIES__ STRIPED BASS

FISH LENGTH (MM)__ 2C.0 (0.3)

FISR WEIGHT (G)

TEMPERATURE (C) 19

BiSPONSE SUMMARY

CONCENTRATION EXPOSED RESP( NDED MOLINATE THIOBENCARB
&9 (NO) (NG} (MG/LITER) (MG/LITER)
100 - _— 1.3
56 20 18 0.77
32 19 7 0.40
18 20 0 0.27
10 19 ! 0.20
CORTROL 36 9 <0.01
*LC50 (2) :

LC50 MOLIFATE (MG/LITER)

LCS50 THIOBENCARB (MG/LITER) 0.57 (0.4-0.77)

LC50 METHOD ~PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATIONS



Appendix E-5

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 8 — Molinate and Thiobencarb Mixture (48-hr)

STOCK SOLUTION INITAL CONC (MG/LITER)_ 14,000, 1200

STOCK SOLUTION FINAL CONC (MG/LITER)_ 15,000, 1300

DILUTION OF TOXICANT 500

TEST SPECIES_ STRIPED” BASS

FISH LENGIH (MM) 18.9 (0.3)

FISH WEIGHT (G)

TEMPERATURE (C)__ 19

RESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPONDED MOLINATE TEIOBENCARB
(2) (x0) (x50) (MG/LITER) (MG/LITER)
100 41 21 20.8 1.7
56 39 0 13.1 1.1
32 3¢ 2 7.7 0.74
18 39 e 4.9 0.45
10 39 0 3.5 0.35
CONTROL 41 0 0.02 €0.01

Lcso (2)__>50 )

1C50 MOLINATE (MG/LITER) >13.1

LC50 THIOBENCARB (MG/LITER) »>1.1

1C50 METEOD ~PROBIT-MOVING AVERAGE-NONLINEAR iNTERPOLATIONf
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Appendix E-5

ACUTE TOXICITY TEST DATA 3SUMMARY

TEST NO. TEST SERIES 8 - Molinate and Thiobencarb Mixture (96-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 14,060 1200

STOCK SOLUTION FINAL CONC (MG/LITER)_15,000, 1300

DILUTION OF TOXICANT__ 500

TEST SPECIES STRIPED BASS

FISH LENGTH (MM)__ 18.9 (0.3)

FISH WEIGHT (G)

TEMPERATURE (C) 19

—————————

RI.SPONSE SUMMARY

CONCENTRATION  EXPOSED RESFO {DED MOLINATE THIOBENCARB
(23 (x0) (r0) (MG/LITER) (MG/LITER)
100 41 41 20.8 1.7
56 39 31 13.1 1.1
32 39 17 7.7 0.74
18 39 3 4.9 0.46
10 3 0 R 0.35
CONTROL 41 4 . il 0402 <0.01

1C50 (2) 31.7 (28.1-35.8)

LC50 MOLINATE (MG/LITER) 7.5 (6.7-8.3)

1LCS0 THIOBENCARE {(MG/LITER) 0,65 (0.60-0,72)

LCS50 METHOD -PROBIT-MOVING AVERAGENONLINEAR iNTER.POLA’l‘ION—
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Appendix E-5

ACUTIE TOXZICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 8 - Molinate and Thiobencarb Mixture (lé44-hr)

STOCK SOLUTION INITAL CONC (MG/LITER) 14,000, 1200e

STOCK SOLUTION FINAL CONC (MG/LITER) 15,000, 1300

DILUTION CF TOXICANT 500

TEST SPECIES STRIPED BASS

FISH LENGTH (MM)_18.9 (0.3)

FISH WEIGHT (@)

TEMPERATURE (C) 19

RESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPCNDED MOLINATE THIOBENCARB
A{Z) (xo) . ... (NQ) (MG/LITER) {MG/LITER)
100 41 41 20.8 1.7

56 39 -39 13.1 1.1
32 39 27 7.7. _ 0.74
18 39 13 4.9 0.46
10 39 1 3.5 0.35
CONTROL 41 6 0.02 ¢0.01

LC50 (I) "27.4°(18-32)

LCSO MOLIFATE. (MG/LITER)_6.6 (4.7-7.5)

1C50 THIOEENCARB (MG/LITER)_ 0.58 (0.43-0.66)

LC50 METHOD ~PROBIT-MOVING AVERAGE{RONLINFAR iNTERPOLATIOK}
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Appendix E-6

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO. TEST SERIES 9 - Molinate (31-day)

STOCK SOLUTION INITAL CONC (MG/LITER)__2!,833 (Mean Conc.)

STOCK SOLUTION FINAL CONC (MG/LITER)

DILUTION OF TOXICANT _ 500

TEST SPECIES = STRIPED BASS

FISH LENGTH (MM) 3.4 (0.07)

FISH WEIGHT (G)

TEMPERATURE (C)_ 19

RESPONSE SUMMARY

CONCENTRATION EXPOSED RESPOKJED MOLINATE THIOBENCARB
)y (¥0) : §:(e)] (MG/LITER) (MG/LITER)
100 - - . 40.3
56& - - 21.1
32 59 59 12.8
18 59 20 6.3
10 ) 60 51 5.6
CORTROL 60 7 0.15

T LES0 (2) <10

' LC50 MOLIRATE (MG/LITER) <5.6

LC50. THTOBENCARB (MG/LITER) ...

LC50 METHOD -PROBIT-MOVING AVERAGE-NONLINEAR INTERPOLATION-

9%



Appendix E-6

-

ACUTE TOXICITY TEST DATA SUMMARY

TEST NO.__TEST SERIES 9 - Thiobencarb (31-day)

b

STOCK SCLUTION INITAL CONC (MG/LITER) 1,052 (Mean Conc.)

STOCK SOLUTION FINAL CONC (MG/LITER)

DILUTION O? TOXICANT’I 500

TEST SPECIES STRIPED BASS

FISH LEKRGTE (MM) 3.4 (0.07)

FISH WEIGHT (G)

TEMPERATURE (C) 19

BESPONSE SUMMARY

CONCENTRATION  EXPOSED RESPONDED MOLINATE THIOBENCARB
)y . (NQ) : (80} (MG/LITER) (MG/LITER)
100 - -— 1.3
56 — - 0:86
32 31 3: 0.51
18 29 2% 0.24
10 T 27 4 0.18
CONTROL 54 % 0.0
*Lcs0 (2)

LC50 MOLINATE (MG/LITER)

LC50. TEIOBERCARB. (MG/LITER} 0.21 70.18-0.24)

LC50 METHOD -PROBIT-MOVING AVERAGZ;EBFLINEAR INTERPOLATION;
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